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EXECUTIVE SUMMARY 

ES.1 OVERVIEW OF PRELIMINARY ANALYSIS ACTIVITIES 

The Energy Policy and Conservation Act, as amended (“EPCA”)a (42 U.S.C. 6291-
6317), among other things, authorizes DOE to regulate the energy efficiency of a number of 
consumer products and industrial equipment. Title III, Part Bb of EPCA established the Energy 
Conservation Program for Consumer Products Other Than Automobiles, a program covering 
most major household appliances (collectively referred to as “covered products”), which includes 
the ceiling fans that are the subject of this rulemaking. (42.U.S.C. 6295(ff)) EPCA, as amended 
prescribed energy conservation standards for these products and authorized DOE to consider 
energy efficiency or energy use standards for the electricity used by ceiling fans to circulate air 
in a room. Id. A “ceiling fan” is a “nonportable device that is suspended from a ceiling for 
circulating air via the rotation of fan blades.” (42 U.S.C. 6291(49)) 

When establishing new or amended standards for a covered product DOE must 
follow specific statutory criteria. EPCA requires that any new or amended energy conservation 
standard be designed to achieve the maximum improvement in energy or water efficiency that is 
technologically feasible and economically justified. (42 U.S.C. 6295(o)(2)(A)) On May 7, 2021, 
DOE published an early assessment request for information (RFI) undertaking an early 
assessment review for amended energy conservation standards for ceiling fans to determine 
whether to amend applicable energy conservation standards for this product (the “May 2021 EA 
RFI”). 86 FR 29704. DOE is currently evaluating potential amendments to the energy 
conservation standards for ceiling fans. This technical support document (“TSD”) presents 
preliminary analyses in support of that process. This executive summary presents key results of 
those analyses and delineates issues on which DOE seeks comment. 

Figure ES.1.1 presents a summary of the analytical components of the standards-setting 
process and illustrates how key results are generated. The focal point of the figure is the center 
column, labeled “Analyses.” The columns labeled “Key Inputs” and “Key Outputs” show how 
the analyses fit into the process and how they relate to each other. Key inputs are the types of 
data and other information that the analyses require. Some key information is obtained from 
public databases; DOE collects other inputs from interested parties or persons having special 
knowledge and expertise. Key outputs are analytical results that feed directly into the standards-
setting process. The issues on which DOE seeks comment from interested parties derive from the 
key results that are generated by the preliminary analysis. Arrows connecting analyses show the 
types of information that feed from one analysis to another. 

a All references to EPCA in this document refer to the statute as amended through the Infrastructure Investment and 
Jobs Act, Public Law 117-58 (Nov. 15, 2021). 
b For editorial reasons, upon codification in the U.S. Code, Part B was redesignated Part A.   
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Figure ES.1.1 Flow Diagram of Analyses for the Ceiling Fans Rulemaking Process 
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ES.2 KEY RESULTS OF THE ANALYSIS  

ES.2.1 Market and Technology Assessment  

When initiating an analysis of potential energy efficiency standards for consumer 
products, DOE develops information for the product concerned based on the present and past 
industry structure and market characteristics. This activity assesses industries and products both 
quantitatively and qualitatively, based on publicly available information.  

For the ceiling fans addressed in this preliminary analysis, DOE examined (1) 
manufacturer market share and characteristics, (2) existing regulatory and non-regulatory 
initiatives for improving product efficiency, and (3) trends in product characteristics and retail 
markets. This information provided data and resource material throughout the analysis. Chapter 3 
of the TSD describes the market analysis and resulting information.  

DOE typically uses information about existing and past technology options and prototype 
designs to determine which technologies and combinations of technologies manufacturers use to 
attain higher performance levels. In consideration of any comment received from interested 
parties, DOE develops a list of considered technologies.  

DOE developed its list of technologies for ceiling fans after examining various 
documents (e.g., trade publications, technical papers, and manufacturer literature) and through 
manufacturer interviews.  

When evaluating and establishing energy conservation standards, DOE generally divides 
covered products into product classes by the type of energy used or by capacity or other 
performance-related features that affect efficiency, considering such factors as utility to the 
consumer. Different energy conservation standards may apply to different product classes. (42 
U.S.C. 6295(q)) The product classes considered in this analysis are shown in Table ES.2.1.1. 



ES-4 

 
Table ES.2.1.1  Product Classes for Ceiling Fans 

Product Classes Currently Subject to Energy Conservation Standards 
Product Class Efficiency Metric 

Standard CFM/W 
Hugger CFM/W 

Very-Small Diameter CFM/W 
High-Speed Small-Diameter CFM/W 
Large-Diameter (“LDCF”) CFEI 

Product Classes Currently Not Subject to Energy Conservation 
Standards 

Product Class Efficiency Metric 
Highly Decorative N/A 

Belt-Driven N/A 
Potential Product Classes Analyzed in Preliminary Analysis 

Product Class Efficiency Metric 
High-Speed Belt-Driven N/A 

Large-Diameter Belt-Drive N/A 
High-Airflow Large-Diameter CFEI 
Low-Airflow Large-Diameter CFEI 

 

ES.2.2 Screening Analysis 

The screening analysis (chapter 4 of the preliminary TSD) examines whether 
technologies identified in the technology assessment: (1) are technologically feasible; (2) are 
practicable to manufacture, install, and service; (3) have an adverse impact on product utility or 
availability; (4) have adverse impacts on health and safety; and/or (5) use proprietary 
technologies. Technologies not meeting these five criteria are screened from further 
consideration in the analysis. In the subsequent engineering analysis, DOE further examined the 
technology options that it did not remove from consideration in the screening analysis. 

ES.2.3 Engineering Analysis 

The engineering analysis (chapter 5 of the preliminary TSD) establishes the relationship 
between the costs of manufacturing ceiling fans and their efficiencies. These relationships serve 
as the basis for calculating costs and benefits of modified product designs for consumers, 
manufacturers, and the nation. Chapter 5 describes the product classes DOE analyzed, the 
efficiency levels DOE analyzed, the methodology DOE used to develop the manufacturing 
production costs and energy use estimates, and the cost-efficiency results. 

ES.2.3.1 Representative Units Analyzed 

 Ceiling fans are sold with a range of diameters or blade spans. It would be impractical for 
DOE to conduct a detailed engineering analysis on every possible blade span, therefore, DOE 
selected representative diameters for each ceiling fan product class to use as the basis for its 
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engineering analysis. The representative ceiling fan blade spans used in this preliminary analysis 
are given in Table ES.2.3.1. 
 
 
Table ES.2.3.1  Representative Ceiling Fan Blade Spans used in the Preliminary Analysis 

Product Class Representative Unit Sizes 
(Blade Span) 

VSD 13-inch 
16-inch 

Standard 
44-inch 
52-inch 
60-inch 

Hugger 44-inch 
52-inch 

LDCF (high-airflow) 
8-foot 
12-foot 
20-foot 

LDCF (low-airflow) 
8-foot 
12-foot 
20-foot 

 

ES.2.3.1 Efficiency Levels Defined 

 DOE based its preliminary analysis for ceiling fans on the CFM/W metric for standard, 
hugger, and VSD ceiling fans and on the CFEI metric for large-diameter ceiling fans as 
determined by the existing DOE test procedure.  
 
 For analyzed product classes, DOE selects a baseline model as a reference point against 
which any changes resulting from energy conservation standards can be measured. The baseline 
model in each product class represents the characteristics of common or typical products in that 
class. Typically, a baseline model is one that just meets the current minimum energy 
conservation standards by a small margin. For this rulemaking, DOE chose baseline efficiency 
levels for each product class and considered a typical airflow capacity based on current market 
data.  
 
 DOE considered four higher efficiency levels for the standard and hugger product 
classes, one higher efficiency level for the VSD product class, and two higher efficiency levels 
for the large-diameter ceiling fan product class. 
 
 DOE developed efficiency levels beyond the baseline using a combination of: (1) relying 
on observed efficiency levels in the market (i.e., the efficiency-level approach), or (2) 
determining the incremental efficiency improvements associated with incorporating specific 
design options to a baseline model (i.e., the design-option approach). For the efficiency-level 
approach, DOE relied on the range of efficiencies of products currently on the market to identify 
relevant efficiency levels based on market availability (e.g., ENERGY STAR and maximum 
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available efficiencies). For the design-option approach, DOE relied on energy use modeling to 
estimate the performance of designs not observed during product teardowns. 
 
 Table ES.2.3.2 summarizes the efficiency levels DOE considered in this preliminary 
analysis for each analyzed product class. 
 
Table ES.2.3.2  Efficiency Levels for Ceiling Fans 

Efficiency 
Levels Standard and Hugger VSD LDCF 

EL 1 10% Reduction in power 
usage 

Max-Tech: 
BLDC Motors 

Three-Phase 
Geared Induction 

Motor 

EL 2 20% Reduction in power 
usage - Permanent Magnet 

Direct Drive Motor 

EL 3 Energy Star® level – BLDC 
with natural blade materials - - 

EL 4 Max-tech: BLDC – Flat 
Blades 

- - 

 
 Chapter 5 of this preliminary TSD includes additional details on how DOE developed the 
efficiency levels for its analysis.  

ES.2.3.2 Manufacturer Production Costs  

For this preliminary analysis, DOE relied on physical teardowns and catalog teardowns to 
determine the manufacturer production cost (“MPC”) required to achieve higher efficiency 
levels. These approaches are described as follows: 

• Physical teardowns: Under this approach, DOE physically dismantles a commercially 
available product, component-by-component, to develop a detailed bill of materials 
for the product. 

• Catalog teardowns: In lieu of physically deconstructing a product, DOE identifies 
each component using parts diagrams (available from manufacturer websites or 
appliance repair websites, for example) to develop the bill of materials for the 
product.  

 In addition to the directly analyzed models, DOE estimated costs for the various 
components incorporated into higher efficiency ceiling fans. Chapter 5 of the preliminary TSD 
includes information on the inputs used to determine the incremental MPCs. 

DOE’s engineering analysis produced cost/efficiency curves for each representative unit. 
The cost/efficiency curves describe the estimated increase in MPC required to improve a 
baseline-efficiency product to each of the considered efficiency levels. Table ES.2.3.3 and Table 
ES.2.3.4 present the results of the engineering analysis for ceiling fans. 
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Table ES.2.3.3  Cost-Efficiency Curves for Standard, Hugger, and VSD Ceiling Fans 
Representative Unit Efficiency 

Level 
Efficiency 
(CFM/W) 

MPC  
(2021$) 

VSD Product Class 

13-inch VSD EL0 24 $87.09 
EL1 44 $121.59 

16-inch VSD EL0 34 $96.51 
EL1 53 $130.93 

Standard Product Class 

44-inch Standard 

EL0 67 $50.64 
EL1 74 $53.76 
EL2 83 $58.04 
EL3 89 $73.58 
EL4 144 $73.58 

52-inch Standard 

EL0 72 $55.49 
EL1 80 $58.01 
EL2 90 $63.97 
EL3 110 $76.10 
EL4 152 $76.10 

60-inch Standard 

EL0 77 $65.71 
EL1 84 $70.86 
EL2 94 $77.26 
EL3 131 $80.15 
EL4 168 $80.15 

Hugger Product Class 

44-inch Hugger 

EL0 47 $49.05 
EL1 54 $51.99 
EL2 60 $55.99 
EL3 62 $72.17 
EL4 118 $72.17 

52-inch Hugger 

EL0 50 $53.72 
EL1 57 $56.06 
EL2 64 $61.65 
EL3 76 $75.94 
EL4 125 $75.94 
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Table ES.2.3.4  Cost-Efficiency Curves for Large-Diameter Ceiling Fans 
Representative 

Unit 
Efficiency 

Level 

Efficiency 
(CFEI High 

Speed) 

Efficiency 
(CFEI 40% 

Speed) 

MPC 
(2021$) 

Large-Diameter Ceiling Fan Product Class 

8-foot High-Airflow 
EL0 1.00 1.31 $1,579.30 
EL1 1.25 1.35 $1,605.42 
EL2 1.39 1.65 $1,733.67 

12-foot High-
Airflow 

EL0 1.00 1.31 $1,624.06 
EL1 1.25 1.35 $1,650.18 
EL2 1.39 1.65 $1,778.44 

20-foot High-
Airflow 

EL0 1.00 1.31 $1,776.36 
EL1 1.25 1.35 $1,809.78 
EL2 1.39 1.65 $2,198.76 

8-foot Low-Airflow 
EL0 1.00 1.31 $1,535.91 
EL1 1.25 1.64 $1,555.82 
EL2 1.39 1.74 $1,624.21 

12-foot Low-
Airflow 

EL0 1.00 1.31 $1,624.06 
EL1 1.25 1.64 $1,650.18 
EL2 1.39 1.74 $1,668.98 

20-foot Low-
Airflow 

EL0 1.00 1.31 $1,716.00 
EL1 1.25 1.64 $1,742.12 
EL2 1.39 1.74 $1,870.37 

ES.2.4 Markups Analysis 

DOE developed appropriate markups in the distribution chain to convert the MPCs 
estimated in the engineering analysis to consumer prices, which then were used in the life-cycle 
cost (“LCC”) and payback period (“PBP”) analyses.  

As a first step, DOE converted the MPC to the manufacturer selling price (“MSP”) by 
applying a manufacturer markup. The MSP is the price the manufacturer charges its first 
customer when selling into the product distribution channels. For this preliminary analysis, DOE 
used a manufacturer markup of 1.37 for all product classes, consistent with the approach 
followed in the January 2017 Final Rule. 

 
 DOE further developed baseline and incremental markups for each actor in the 
distribution chain (after the product leaves the manufacturer). DOE characterized four 
distribution channels to describe how standard, hugger and VSD ceiling fans pass from 
manufacturers to consumers and two channels for large-diameter ceiling fans and HSSD fans.  
Lastly, DOE applied state and local sales tax to derive the final consumer purchase prices for 
ceiling fans.  
 
 Table ES.2.4.1 and Table ES.2.4.2 summarize the national average markups at each stage 
in the distribution channel and the average sales tax for Standard, Hugger, VSD, and Large-
Diameter, HSSD ceiling fans, respectively. Chapter 6 of the preliminary TSD provides a detailed 
discussion of the markups analysis. 
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Table ES.2.4.1  Markups for Standard, Hugger, and VSD Ceiling Fans 

Distribution 
Channel 

Manufacturer  Home Center 
(independent label)  Consumer 

Manufacturer/Home Center (in-
store label)  Consumer 

Baseline Incremental Baseline Incremental 
Manufacturer 1.37 1.65 1.31 Home Center 1.50 1.19 
Wholesaler     
Contractor     
Showroom     
Sales Tax 1.073 1.073 

 

Distribution 
Channel 

Manufacturer  Wholesaler  
Contractor  Consumer 

Manufacturer  Showroom  
Consumer 

Baseline Incremental Baseline Incremental 
Manufacturer 1.37 1.37 
Home Center    
Wholesaler 1.35 1.20  
Contractor 1.10 1.10  
Showroom   2.00 1.59 
Sales Tax 1.073 1.073 

 
 
Table ES.2.4.2  Markups for Large-Diameter Ceiling Fans  

Distribution 
Channel 

Manufacturer  Dealer  
Customer 

Manufacturer  In-house Dealer 
Customer 

Baseline Incremental Baseline Incremental 
Manufacturer 1.37 1.37 
Dealer/ In-house 
Dealer 1.63 1.17 1.63 1.17 

Sales Tax 1.073 1.073 1.073 1.073 

ES.2.5 Energy Use Analysis 

The purpose of the energy use analysis is to determine the annual energy consumption of 
ceiling fans and to assess the energy savings potential of more stringent ceiling fan efficiency. 
The energy use analysis provides the basis for developing the energy savings used in the LCC 
analysis and subsequent analyses. DOE’s test procedure provides standardized results that can 
serve as the basis for comparing the performance of different products used under the same 
conditions, but actual usage in the field may differ from usage estimated by the test procedure. 

To determine the distribution of field energy use for ceiling fans for very small-diameter, 
standard, and hugger ceiling fans, DOE combined information on power consumption from 
chapter 5 of the TSD with information on operating hours from a 2013 study that surveyed a 
nationally representative sample of ceiling fan owners. Additionally, DOE used the breakdown 
of modal operating hours consistent with the approach followed in the previous ceiling fans final 
rule, published January 19, 2017 (82 FR 6826; “January 2017 Final Rule”). For large-diameter 
ceiling fans, DOE used the power consumption data from chapter 5 of the TSD along with usage 
assumptions from the January 2017 Final Rule analysis.  DOE has not included any reduction of 
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air conditioner usage in the energy use analysis for ceiling fans. Chapter 2 of the TSD contains a 
detailed discussion of this topic.   

Table ES.2.5.1 and Table ES.2.5.2 show the average annual energy use for each product 
class and efficiency level that DOE considers in this rulemaking. Chapter 7 provides more details 
on the methods, data, and assumptions used for the energy use analysis. 

Table ES.2.5.1  Average Annual Energy Use and Savings by for Very Small-Diameter, 
Standard, and Hugger Ceiling Fans 

 
EL 

Very Small-diameter Standard Hugger 
Energy Use 
(kWh/yr) 

Savings 
(kWh/yr) 

Energy Use 
(kWh/yr) 

Savings 
(kWh/yr) 

Energy Use 
(kWh/yr) 

Savings 
(kWh/yr) 

0 95.1 -- 106.9 -- 120.6 -- 
1 55.8 39.3 96.2 10.7 108.5 12.1 
2 

  

85.5 21.4 96.5 24.1 
3 49.9 57.0 49.7 70.9 
4 49.9 57.0 49.7 70.9 

 
Table ES.2.5.2  Average Annual Energy Use and Savings by for Large-Diameter Ceiling 

Fans 

 
EL 

Large-Diameter High-Airflow Large-Diameter Low-Airflow 
Energy Use 
(kWh/yr) 

Savings 
(kWh/yr) 

Energy Use 
(kWh/yr) 

Savings 
(kWh/yr) 

0 2,977.3 -- 1,639.0 -- 
1 2,512.1 465.2 1,316.7 322.3 
2 2,204.8 772.5 1,204.3 434.7 

 

ES.2.6 Life-Cycle Cost and Payback Period Analyses 

The impacts of energy conservation standards on consumers often include a change in 
operating expense (usually decreased energy expenses) and a change in purchase price (usually 
increased). The LCC of a product is the cost it incurs over its lifetime, taking into account both 
purchase price and operating expenses. The PBP represents the time it takes to recover the 
additional installed cost of the more-efficient products through operating expense savings.  

 
DOE analyzed the net financial effect on consumers of potential new standards for 

ceiling fans by calculating the LCC and PBP using inputs from the engineering performance 
data, the markups, and the energy use analyses.  

 

Inputs to the LCC calculation included the installed cost to the consumer, operating costs 
(primarily energy expenses), the expected lifetime of ceiling fans, and a discount rate. 

Because the operating costs of a more expensive, higher-efficiency product are typically 
lower than those of a less-efficient product, at some time in the life of the product the consumer 
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recovers the additional installed cost of the more-efficient product through operating expense 
savings. The time required for a product to reach that cost-equivalency point is known as the 
PBP. DOE’s analysis produces a simple PBP because it does not take into account changes in 
energy expenses over time or the time value of money. 

 
DOE conducted the LCC and PBP analyses using values that reflect utilization of ceiling 

fans in the field. DOE identified several input values for estimating the LCC, including retail 
product prices, energy prices, product lifetimes, and discount rates.  Chapter 8 provides a 
detailed description of the LCC and PBP analysis and the results. Table ES.2.6.1 through Table 
ES.2.6.10 present the key findings, including the average LCC of each EL and the average LCC 
savings relative to the no-standards case efficiency distribution in the compliance year (assumed 
to be 2027).  

Table ES.2.6.1  Average LCC and PBP Results for Very Small-Diameter Ceiling Fans 

EL 
Average Costs (2020$) Simple 

Payback 
Period 
(years) 

Average 
Lifetime 
(years) 

Installed 
Cost 

First Year's 
Operating Cost 

Lifetime 
Operating Cost 

Life-Cycle 
Cost 

0 219.08 13.37 145.21 364.29 -- 13.8 
1 260.60 8.23 89.35 349.96 8.1 13.8 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 
that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table ES.2.6.2  Average LCC Savings Results for Very Small-Diameter Ceiling Fans 

EL % of Purchasers that 
Experience a Net Cost 

Average LCC Savings* 
(2020$) 

1 33.0 14.53 
* The calculation considers only affected consumers. It excludes purchasers 
whose purchasing decision would not change under a standard set at the 
corresponding EL, i.e., those with zero LCC savings. 

 

Table ES.2.6.3  Average LCC and PBP Results for Standard Ceiling Fans 

EL 
Average Costs (2020$) Simple 

Payback 
Period 
(years) 

Average 
Lifetime 
(years) 

Installed 
Cost 

First Year's 
Operating Cost 

Lifetime 
Operating Cost 

Life-Cycle 
Cost 

0 132.08 14.96 162.52 294.60 -- 13.9 
1 137.79 13.55 147.23 285.02 4.1 13.9 
2 148.29 12.15 131.94 280.23 5.8 13.9 
3 162.82 7.54 81.84 244.67 4.1 13.9 
4* 162.82 7.54 81.84 244.67 4.1 13.9 
Note: The results for each EL represent the average value if all purchasers in the sample use products with 
that efficiency level. The PBP is calculated relative to the baseline product. 
*EL 3 and EL 4 ceiling fans have the same MPC and power consumption, and therefore their LCC and 
PBP are also the same. 
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Table ES.2.6.4  Average LCC Savings Results for Standard Ceiling Fans 

EL % of Purchasers that 
Experience a Net Cost 

Average LCC Savings* 
(2020$) 

1 1.6 18.50 
2 19.5 11.17 
3 35.9 17.67 
4 35.9 17.67 

*The calculation considers only affected consumers. It excludes purchasers 
whose purchasing decision would not change under a standard set at the 
corresponding EL, i.e., those with zero LCC savings.  

 
 
Table ES.2.6.5  Average LCC and PBP Results for Hugger Ceiling Fans 

EL 
Average Costs (2020$) Simple 

Payback 
Period 
(years) 

Average 
Lifetime 
(years) 

Installed 
Cost 

First Year's 
Operating Cost 

Lifetime 
Operating Cost 

Life-Cycle 
Cost 

0 124.51 16.84 184.97 309.49 -- 13.9 
1 129.33 15.26 167.55 296.88 3.0 13.9 
2 138.95 13.67 150.12 289.08 4.6 13.9 
3 156.92 7.61 83.33 240.25 3.5 13.9 
4* 156.92 7.61 83.33 240.25 3.5 13.9 
Note: The results for each EL represent the average value if all purchasers in the sample use products with 
that efficiency level. The PBP is calculated relative to the baseline product. 
*EL 3 and EL 4 ceiling fans have the same MPC and power consumption, and therefore their LCC and 
PBP are also the same. 

 

Table ES.2.6.6  Average LCC Savings Results for Hugger Ceiling Fans 

EL % of Purchasers that 
Experience a Net Cost 

Average LCC Savings* 
(2020$) 

1 0.9 24.42 
2 20.1 14.27 
3 30.3 22.71 
4 30.3 22.71 

*The calculation considers only affected consumers. It excludes purchasers 
whose purchasing decision would not change under a standard set at the 
corresponding EL, i.e., those with zero LCC savings.  
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Table ES.2.6.7  Average LCC and PBP Results for High-Airflow Large-Diameter Ceiling 
Fans 

EL 
Average Costs (2020$) Simple 

Payback 
Period 
(years) 

Average 
Lifetime 
(years) 

Installed 
Cost 

First Year's 
Operating Cost 

Lifetime 
Operating Cost 

Life-Cycle 
Cost 

0 4,059.62 241.99 2,136.39 6,196.02 -- 13.9 
1 4,092.24 205.49 1,814.11 5,906.35 0.9 13.9 
2 4,382.35 181.38 1,601.20 5,983.55 5.3 13.9 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 
that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table ES.2.6.8  Average LCC Savings Results for High-Airflow Large-Diameter Ceiling 
Fans 

EL % of Purchasers that 
Experience a Net Cost 

Average LCC Savings* 
(2020$) 

1 0.0 298.34 
2 38.2 98.19 

* The calculation considers only affected consumers. It excludes purchasers 
whose purchasing decision would not change under a standard set at the 
corresponding EL, i.e., those with zero LCC savings. 

 

Table ES.2.6.9  Average LCC and PBP Results for Low-Airflow Large-Diameter Ceiling 
Fans 

EL 
Average Costs (2020$) Simple 

Payback 
Period 
(years) 

Average 
Lifetime 
(years) 

Installed 
Cost 

First Year's 
Operating Cost 

Lifetime 
Operating Cost 

Life-Cycle 
Cost 

0 3,965.35 178.82 1,617.89 5,583.24 -- 13.8 
1 3,992.42 143.36 1,297.12 5,289.54 0.8 13.8 
2 4,087.77 130.99 1,185.23 5,273.00 2.6 13.8 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 
that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table ES.2.6.10  Average LCC Savings Results for Low-Airflow Large-Diameter Ceiling 
Fans 

EL % of Purchasers that 
Experience a Net Cost 

Average LCC Savings* 
(2020$) 

1 0.0 300.29 
2 17.6 189.83 

* The calculation considers only affected consumers. It excludes purchasers 
whose purchasing decision would not change under a standard set at the 
corresponding EL, i.e., those with zero LCC savings. 
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ES.2.7 Shipments Analysis 

The shipment analysis (chapter 9 of the TSD) forecasts ceiling fan shipments, which are 
needed to calculate the potential effects of standards on national energy use, NPV, and future 
manufacturer cash flows. DOE generates both shipments forecasts for each efficiency level of 
each fan type and size. The shipments forecast calculates the total number of ceiling fans shipped 
each year over a 30-year period, beginning in 2027 and ending in 2056. To create this forecast, 
DOE uses an accounting approach, which models changes in ceiling fan stock as a direct result 
of annual shipments and retirements. Shipments are estimated from computed retirements and 
new demand.  

Table ES.2.7.1 presents the Trial Standard Levels (TSLs) and the corresponding 
efficiency levels for the analyzed product classes. TSL 5 represents the maximum 
technologically feasible (“max-tech”) energy efficiency for all product classes. 

Table ES.2.7.1  Mapping of TSLs to ELs by Product Class 

TSL 

EL 

Standard Hugger VSD 
High-

Airflow 
LDCFs 

Low-
Airflow 
LDCFs 

1 0 0 1 1 1 
2 1 1 1 1 1 
3 2 2 1 1 1 
4 3 3 1 2 2 
5 4 4 1 2 2 

 

Table ES.2.7.2 shows cumulative shipments of fans over the analysis period for each 
considered TSL. 

Table ES.2.7.2  Estimated Cumulative Shipments for Each TSL (Shipped 2027 to 2056) 

TSL Cumulative Shipments 
(millions) 

1 711 
2 707 
3 703 
4 700 
5 700 

ES.2.8 National Impact Analysis 

The national impact analysis (“NIA”) estimates the following national impacts from 
possible efficiency levels for ceiling fans: (1) national energy savings; (2) monetary value of the 
energy savings due to standards; (3) increased total installed costs of the considered products due 
to standards; and (4) the NPV of the difference between the value of energy savings and 
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increased total installed costs. DOE prepared spreadsheet models to estimate energy savings and 
national consumer economic costs and savings resulting from potential standards. In contrast to 
the LCC and PBP analyses, which use probability distributions for the inputs, the NIA uses 
average or typical values for inputs. 

ES.2.8.1 National Energy Savings  

 DOE calculated annual NES as the difference between national energy consumption in 
the no-new-standards-case and under a potential standard set at each EL. Cumulative energy 
savings are the sum of the annual NES over the period in which products shipped in 2027-2056 
are in operation. The NES results shown in Table ES.2.8.1 are expressed as full-fuel cycle 
energy savings in quads (quadrillion Btu). 
 
Table ES.2.8.1  Estimated National Energy Savings from Ceiling Fans (Shipped from 2027 

to 2056) 

TSL 
Full-Fuel Cycle National 

Energy Savings 
(Quads) 

1 0.1 
2 0.9 
3 1.9 
4 3.5 
5 3.5 

 

ES.2.8.2 Net Present Value  

DOE calculated net monetary savings in each year as the difference between total savings 
in operating costs and increases in total equipment costs in the no-new-standards case and 
standards cases. DOE calculated savings over the life of the products purchased in the forecast 
period. The NPV is the difference between the present value of operating cost savings and the 
present value of increased total installed costs. DOE used discount rates of 3 percent and 7 
percent to discount future costs and savings to the present. DOE discounted costs and savings to 
2021. The NPV results are shown in Table ES.2.8.2. 
 
Table ES.2.8.2  Cumulative Net Present Value of Consumer Benefits in Billion 2020$ for 

Ceiling Fans (Shipped from 2027 to 2056) 

Standard 
Level 

Net Present Value 
(Billions of Dollars) 

3% Discount Rate 7% Discount Rate 
1 0.2 0.1 
2 4.6 1.7 
3 9.9 3.6 
4 20.4 8.0 
5 20.4 8.0 



ES-16 

ES.2.9 Preliminary Manufacturer Impact Analysis 

The purpose of the manufacturer impact analysis (“MIA”) is to identify and quantify the 
impacts of any new or amended energy conservation standards on manufacturers. The MIA will 
have both quantitative and qualitative aspects, and it will include the analyses of projected 
industry cash flows, the industry net present value, conversion costs, and direct employment. 
Additionally, the MIA will seek to describe how new or amended energy conservation standards 
might affect manufacturing capacity and competition, as well as how standards contribute to 
overall regulatory burden. Finally, the MIA will seek to identify any disproportionate impacts on 
manufacturer subgroups, including small business manufacturers. In analyzing manufacturer 
impacts, the Department will do so with substantial input from manufacturers and other 
interested parties.  

 
As part of the preliminary MIA, DOE develops a comprehensive manufacturer list, 

performs a market assessment, and evaluated consolidation trends, as presented in preliminary 
market and technology assessment. Characterizations of the current product offerings and market 
efficiency distributions are presented in the preliminary engineering analysis and shipment 
analysis. Preliminary investigation results related to initial financial parameters, industry-average 
manufacturer markups, potential subgroups for analysis, and potential cumulative regulatory 
burden can be found in chapter 12 of the preliminary TSD. 

ES.2.10 Other Analyses 

 The remaining chapters of this preliminary TSD address the following analyses, which 
will be performed for any NOPR issued for ceiling fans: 
    

• The consumer subgroup analysis evaluates the effects of energy conservation standards 
on various consumer subgroups (chapter 11). 

• The emissions impact analysis examines the effects of energy conservation standards on 
various airborne emissions (chapter 13). 

• The monetization of emissions reduction benefits analysis estimates the economic 
impacts of reduced emissions as a result of energy conservation standards (chapter 14). 

• The utility impact analysis examines impacts of energy conservation standards on the 
generation capacity of electric utilities (chapter 15). 

• The employment impact analysis examines the indirect effects of energy conservation 
standards on national employment (chapter 16). 

• The regulatory impact analysis examines the national impacts of non-regulatory 
alternatives to mandatory energy conservation standards (chapter 17). 
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ES.3 ISSUES ON WHICH DOE SEEKS PUBLIC COMMENT  

 DOE is interested in receiving comment on all aspects of this preliminary analysis. DOE 
especially invites comment or data to improve DOE’s analyses, including information that will 
respond to the following questions and concerns raised in the development of this preliminary 
TSD. 

ES.3.1 Very-Small Diameter Ceiling Fans 

DOE requests comment and data regarding its observation that all VSD ceiling fans 

currently on the market would have a diameter-to-maximum operating speed ratio of less than or 

equal to 0.06 in/RPM. 

 

ES.3.2 Belt-Driven Ceiling Fans 

DOE requests comment and data regarding the sales of HSBD and LDBD ceiling fans in 

the current year, over the past five years, and expected shipments in the next five years. 

DOE requests comment and data regarding the distribution of efficiencies of HSBD and 

LDBDs available on the market and the test procedure used to calculate the airflow and power 

consumption.  

ES.3.3 Additional Class-setting Factors 

DOE requests comment and data regarding the proposed cut-off values for separating 

low-airflow ceiling fans from high-airflow large-diameter ceiling fans.  

DOE requests comment regarding whether consumers view all hugger ceiling fans as 

equivalent or if there is additional consumer utility associated with hugger fans that are closer to 

the ceiling.  
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ES.3.4 Representative Units Analyzed 

DOE requests comment and data regarding whether an additional representative unit is 

needed for standard and hugger fans. Specifically, DOE requests data regarding why the 

developed cost efficiency curve would not be representative of the additional blade spans.  

DOE requests comment on the differences in CFEI and ceiling fan costs between 20-foot 

and 24-foot ceiling fans. Specifically, DOE requests feedback regarding any reasons why a 20-

foot ceiling fan cost-efficiency curve would not be representative of a 24-foot ceiling fan cost-

efficiency curve.  

ES.3.5 Efficiency Analysis 

DOE requests comment and data on the impact of the air choking effect on hugger ceiling 

fans, specifically the reduction in airflow with distance between the ceiling fan blades and the 

ceiling. DOE further requests comment regarding how DOE should account for hugger ceiling 

fans with varying distances from the ceiling.  

DOE requests comment regarding any technology options that reduce standby power, and 

if so, by how much, for large-diameter ceiling fans without requiring manufacturers to remove 

features.  

DOE requests comment on the greatest standby power consumption on the market for 

large-diameter ceiling fans and why certain fans exceed the average standby power consumption. 
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DOE requests comment on any potential future technologies that could increase standby 

power, and if so, by how much.  

DOE requests comment on a standby power efficiency standard that credits active mode 

performance, and whether such an approach is preferable to a single efficiency standard at the 

market maximum, and how such a standard should be designed. 

DOE requests data regarding the distribution of efficiencies for HSBD and LDBD ceiling 

fans and technology options for improving the efficiency of HSBDs and LDBDs 

ES.3.6 Operating Hours 

DOE requests comment and data to inform recent consumer usage patterns for standard, 

hugger, and VSD ceiling fans, including the modal breakdown of operating hours in active 

mode. See chapter 7 of the TSD. 

DOE requests comment and data on the overall active mode operating hours of large-

diameter ceiling fans as well as the modal breakdown of operating hours in active mode. See 

chapter 7 of the TSD.  

ES.3.7 Ceiling Fans with Standby Power 

DOE requests comment and data on the assumption that 15 percent of non-baseline 

standard, hugger, and VSD ceiling fans with AC motors are operated with remote controls and 

therefore consume power while in standby mode.  DOE also requests comments and data on the 
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assumption that, on average, such fans consume 0.7 W while in standby mode. See chapter 7 of 

the TSD. 

DOE requests comments and data on the assumed standby power consumption of 7 W for 

large-diameter ceiling fans. See chapter 7 of the TSD.  

ES.3.8 Repair and Maintenance Costs 

DOE is not aware of any data suggesting that maintenance or repair costs vary as a 

function of efficiency for ceiling fans. DOE therefore assumed that such costs do not impact the 

LCC and PBP analyses. DOE requests comment and data on this assumption. See chapter 8 of 

the TSD. 

ES.3.9 Ceiling Fan Lifetimes 

DOE requests comment and data on the lifetime assumptions and methodology used in 

the LCC and PBP analyses for ceiling fans. See chapter 8 of the TSD. 

ES.3.10 LCC and PBP Analyses Methodology 

DOE requests comment on the overall methodology and results of the LCC and PBP 

analyses. See chapter 8 of the TSD. 

ES.3.11 Shipments Analysis 

DOE requests consumer purchase data (i.e., ceiling fan price, efficiency, and other 

characteristics) that could be used to inform the modeled consumer sensitivity to ceiling fan 

purchase price and/or other attributes. See chapter 9 of the TSD. 
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DOE requests comment and data that could inform the size or application of the price 

elasticity effect for ceiling fans. See chapter 9 of the TSD. 

ES.3.12 Rebound Effect 

DOE is requesting comment and data on whether it should consider a direct rebound 

effect for ceiling fans. 

ES.3.13 Consumer Sub-groups Analysis 

DOE welcomes input regarding which, if any, consumer subgroups should be considered 

when developing potential energy conservation standards for ceiling fans. See chapter 11 of the 

TSD. 

ES.3.14 Emissions Analysis 

DOE requests comment on its approach to conducting the emissions analysis for ceiling 

fans. See chapter 13 of the TSD. 

ES.3.15 Monetization of Emissions Reduction 

DOE invites input on the proposed approach for estimating monetary benefits associated 

with emissions reductions. See chapter 14 of the TSD. 

ES.3.16 Utility Impact Analysis 

 
DOE seeks comment on the planned approach to conduct the utility impact analysis. See 

chapter 15 of the TSD. 
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ES.3.17 Employment Impact Analysis 

DOE welcomes input on its proposed approach for assessing national employment 

impacts. See chapter 16 of the TSD. 

ES.3.18 Regulatory Impact Analysis 

DOE requests any available data or reports that would contribute to the analysis of 

alternatives to standards for ceiling fans. In particular, DOE seeks information on the 

effectiveness of existing or past efficiency improvement programs for these products. See 

chapter 17 of the TSD. 

ES.3.19 General Analytical Assumptions 

During each stage of the preliminary analysis, DOE made one or more assumptions 

related to some key parameters of the analytical process on the premises that the assumed 

parameters reflect the actual conditions that walk-ins experience. These assumptions are 

described in the respective TSD chapters. DOE welcomes comments on these assumptions. 
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CHAPTER 1. INTRODUCTION 

1.1 PURPOSE OF THE DOCUMENT 

This preliminary technical support document (TSD) is a stand-alone report that 

documents the technical analyses and results associated with the U.S. Department of Energy’s 

(DOE’s) study of energy conservation standards for ceiling fans. This TSD also serves to provide 

technical detail and is a compendium to the life-cycle cost (LCC) and payback period (PBP), and 

National Impact Analysis (NIA) spreadsheets that are available on regulations.gov, docket 

number EERE-2021-BT-STD-0011 at www.regulations.gov/docket/EERE-2021-BT-STD-0011. 

1.2 OVERVIEW OF APPLIANCE STANDARDS FOR CEILING FANS 

The Energy Policy and Conservation Act, as amended (“EPCA”),1 authorizes DOE to 

regulate the energy efficiency of a number of consumer products and certain industrial 

equipment.  (42 U.S.C. 6291–6317)  Title III, Part B2 of EPCA established the Energy 

Conservation Program for Consumer Products Other Than Automobiles.  These products include 

ceiling fans, the subject of this document.  (42 U.S.C. 6291(49); 42 U.S.C. 6293(b)(16)(A)(i) and 

(B); and 42 U.S.C. 6295(ff)).   

1.3 PROCESS FOR SETTING ENERGY CONSERVATION STANDARDS 

EPCA requires that any new or amended energy conservation standard be designed to 

achieve the maximum improvement in energy or water efficiency that is technologically feasible 

and economically justified. (42 U.S.C. 6295(o)(2)(A)) In deciding whether a proposed standard 

is economically justified, DOE must determine whether the benefits of the standard exceed its 

burdens. (42 U.S.C. 6316(a); 42 U.S.C. 6295(o)(2)(B)(i)) DOE must make this determination 

after receiving comments on the proposed standard, and by considering, to the greatest extent 

practicable, the following seven statutory factors: 

1. The economic impact of the standard on the manufacturers and on the consumers of the

products subject to such standard;

2. The savings in operating costs throughout the estimated average life of the covered

product in the type (or class) compared to any increase in the price of, or in the initial

charges for maintenance expenses of, the covered products which are likely to result from

the imposition of the standard;

1 All references to EPCA in this document refer to the statute as amended through the Energy Act of 2020, Pub. L. 

116-260 (Dec. 27, 2020).
2 For editorial reasons, upon codification in the U.S. Code, Part B was redesignated Part A.

https://www.regulations.gov/docket/EERE-2021-BT-STD-0011
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3. The total projected amount of energy savings likely to result directly from the imposition

of the standard;

4. Any lessening of the utility or the performance of the covered products likely to result

from the standard;

5. The impact of any lessening of competition, as determined in writing by the Attorney

General, that is likely to result from the standard;

6. The need for national energy conservation; and

7. Other factors the Secretary considers relevant.

Other statutory requirements are set forth in (42 U.S.C. 6295(o)(2)(B)(i)(I)–(VII)) 

EPCA further provides that, not later than 6 years after the issuance of any final rule 

establishing or amending a standard, DOE must publish either a notification of determination 

that standards for the product do not need to be amended, or a notice of proposed rulemaking 

(NOPR) including new proposed energy conservation standards (proceeding to a final rule, as 

appropriate).  (42 U.S.C. 6295(m)(1)) Not later than three years after 

issuance of a final determination not to amend standards, DOE must publish either a notice of 

determination that standards for the product do not need to be amended, or a NOPR including 

new proposed energy conservation standards (proceeding to a final rule, as 

appropriate).  (42 U.S.C. 6295(m)(3)(B)) 

 DOE considers stakeholder participation to be a very important part of the process for 

setting energy conservation standards. Through formal public notifications (i.e., Federal Register 

notices), DOE actively encourages the participation and interaction of all stakeholders during the 

comment period in each stage of the rulemaking. Beginning with the request for information 

(RFI) and during subsequent comment periods, interactions among stakeholders provide a 

balanced discussion of the information that is required for the standards rulemaking.  

After publication of the request for information, the energy conservation standards 

rulemaking process involves three additional, formal public notices, which DOE publishes in the 

Federal Register. The first of the rulemaking notices is a notice of public meeting and availability 

of preliminary technical support document (Preliminary Analysis), which is designed to publicly 

vet the models and tools used in the preliminary rulemaking and to facilitate public participation 

before the NOPR stage. The second notice is the notice of proposed rulemaking (NOPR), which 

presents a discussion of comments received in response to the preliminary analyses and 

analytical tools; analyses of the impacts of potential amended energy conservation standards on 

consumers, manufacturers, and the Nation; DOE’s weighting of these impacts of amended 

energy conservation standards; and the proposed energy conservation standards for each product 

or equipment. The third notice is the final rule, which presents a discussion of the comments 

received in response to the NOPR; the revised analyses; DOE’s weighting of these impacts; the 

amended energy conservation standards DOE is adopting for each product or equipment; and the 

effective dates of the amended energy conservation standards. Table 1.3.1 lists the analyses 

conducted at each stage of the rulemaking. 
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Table 1.3.1 Analyses Under the Process Rule 

Preliminary Analyses NOPR Final Rule 

Market and technology 

assessment 
Revised preliminary analyses Revised NOPR analyses 

Screening analysis 
Life-cycle cost sub-group 

analysis 

Engineering analysis Manufacturer impact analysis 

Markups for product price 

determination 
Environmental assessment 

Life-cycle cost and payback 

period analysis 
Employment impact analysis 

Shipments analysis Regulatory impact analysis 

National impact analysis 

Preliminary manufacturer 

impact analysis  

1.4 HISTORY OF CEILING FAN STANDARDS 

EPCA established certain design requirements for ceiling fans.  (42 U.S.C. 

6295(ff)(1)(A))  EPCA also authorizes the Secretary to issue, subject to certain statutory criteria, 

energy efficiency or energy use standards for electricity used by ceiling fans to circulate air in a 

room.  (42 U.S.C. 6295(ff)(6)(A))  In issuing such standards the Secretary shall consider 

exempting, or setting different standards for, certain product classes for which the primary 

standards are not technically feasible or economically justified; and establishing separate 

exempted product classes for highly decorative fans for which air movement performance is a 

secondary design feature.  (42 U.S.C. 6295(ff)(6)(B))   

In a final rule published on October 18, 2005, DOE codified the design standards 

prescribed by EPCA for ceiling fans. 70 FR 60407, 60413. These standards are set forth in 

DOE’s regulations at 10 CFR 430.32(s)(1) and require all ceiling fans manufactured on or after 

January 1, 2007 to have (1) fan speed controls separate from any lighting controls; (2) adjustable 

speed controls (either more than one speed or variable speed); and (3) the capability for reverse 

action (other than fans sold for industrial or outdoor application or where safety would be an 

issue). (42 U.S.C. 6295(ff)(1)(A)) 

In a final rule published on January 19, 2017 (“January 2017 Final Rule”), DOE 

prescribed the current energy conservation standards for ceiling fans manufactured in, or 

imported into, the United States on and after January 21, 2020.  82 FR 6826, 6827.  
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On December 27, 2020, the Energy Act of 2020 (Pub. L. 116-260) was signed into law. 

The Energy Act of 2020 amended performance standards for large-diameter ceiling fans.   (42 

U.S.C. 6295(ff)(6)(C)(i), as codified) Pursuant to the Energy Act of 2020, large-diameter ceiling 

fans are subject to standards in terms of the Ceiling Fan Energy Index (“CFEI”) metric, with one 

standard based on operation of the fan at high speed and a second standard based on operation of 

the fan at 40 percent speed or the nearest speed that is not less than 40 percent speed.  (42 U.S.C. 

6295(ff)(6)(C)(i), as codified)  

On May 27, 2021, DOE published a final rule to amend the current regulations for large-

diameter ceiling fans. 86 FR 28469 (“May 2021 Technical Amendment”) The technical 

amendment was published to codify provisions enacted by Congress through the Energy Act of 

2020. Specifically, section 1008 of the Energy Act of 2020 amended section 325(ff)(6) of EPCA 

to specify that large-diameter ceiling fans manufactured on or after January 21, 2020, are not 

required to meet minimum ceiling fan efficiency requirements in terms of the ratio of the total 

airflow to the total power consumption as established in a final rule published January 19, 2017 

(82 FR 6826; “January 2017 Final Rule”), and instead are required to meet specified minimum 

efficiency requirements based on the CFEI metric. 86 FR 28469, 28469-28470. 

On May 7, 2021, DOE published a request for information that it was initiating an early 

assessment review to determine whether any new or amended standards would satisfy the 

relevant requirements of EPCA for a new or amended energy conservation standard for ceiling 

fans and a request for information.  86 FR 24538, 24539.  Specifically, through the published  

request for information, DOE sought data and information that could enable the agency to 

determine whether DOE should propose a “no new standard” determination because a more 

stringent standard: (1) would not result in a significant savings of energy; (2) is not 

technologically feasible; (3) is not economically justified; or (4) any combination of foregoing.  

Id. Following the publication of the RFIs, DOE received several comments from stakeholders.  

As part of the information gathering and sharing process, DOE organized and held 

interviews with manufacturers of the products covered in this rulemaking. DOE selected 

companies that represented production of all types of products, ranging from small to large 

manufacturers. DOE had several objectives during these interviews, including: solicit feedback 

on topics related to the preliminary analysis, provide an opportunity, early in the rulemaking 

process to express concerns, and foster cooperation between manufacturers and DOE. DOE 

incorporated the information gathered during interviews with manufacturers into its analysis.  

In this preliminary analysis, DOE is addressing the comments and providing preliminary 

results based on draft analyses. 

1.5 STRUCTURE OF THE DOCUMENT 

This preliminary TSD outlines the analytical approaches used in this rulemaking. The 

TSD consists of 17 chapters as well as appendices. 
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Chapter 1 Introduction: Provides an overview of the appliance standards program and how 

it applies to the ceiling fans rulemaking, provides a history of DOE’s action to 

date, and outlines the structure of this document.  

Chapter 2 Analytical Framework, Comments from Interested Parties, and DOE Responses: 

Describes the rulemaking process step by step, summarizes comments made 

from interested parties during the RFI comment period, and provides DOE 

responses to those comments. 

Chapter 3 Market and Technology Assessment: Characterizes the ceiling fan market and 

the technologies available for increasing product efficiency. 

Chapter 4 Screening Analysis: Determines which technology options are viable for 

consideration in the engineering analysis. 

Chapter 5 Engineering Analysis: Discusses the methods used for developing the 

relationship between increased manufacturer price and increased efficiency. 

Chapter 6 Markups to Determine Product Price: Discusses the methods used for 

establishing markups for converting manufacturer prices to customer prices. 

Chapter 7 Energy Use Analysis: Discusses the process used for generating energy use 

estimates of ceiling fans for a variety of product classes, climate locations, and 

efficiency levels. 

Chapter 8 Life-Cycle Cost and Payback Period Analyses: Discusses the economic effects 

of standards on individual customers and users of the products and compares the 

LCC and PBP of products with and without higher efficiency standards. 

Chapter 9 Shipments Analysis: Discusses the methods used for forecasting shipments with 

and without higher efficiency standards. 

Chapter 10 National Impact Analysis: Discusses the methods used for forecasting national 

energy consumption and national economic impacts based on annual shipments 

and estimates of future efficiency distributions in the absence and presence of 

higher efficiency standards. 

Chapter 11 Customer Sub-Group Analysis: Discusses the effects of standards on a subgroup 

of ceiling fan customers and compares the LCC and PBP of products with and 

without higher efficiency standards for these customers. This analysis will be 

conducted during the NOPR phase. 

Chapter 12 Preliminary Manufacturer Impact Analysis: Discusses the effects of standards 

on the finances and profitability of manufacturers. 

Chapter 13 Emissions Impact Analysis: discusses the effects of standards on emissions of 

carbon dioxide (CO2), and other greenhouse gases (GHG). This analysis will be 

conducted during the NOPR phase. 
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Chapter 14 Monetization of Emissions Reduction Benefits: discusses the monetary benefits 

associated with the reduction in emissions due to the standards. This analysis 

will be conducted during the NOPR phase. 

Chapter 15 Utility Impact Analysis: discusses the effects of standards and electric and gas 

utilities. This analysis will be conducted during the NOPR phase. 

Chapter 16 Employment Impact Analysis: discusses the effects of standards on national 

employment. This analysis will be conducted during the NOPR phase. 

Chapter 17   Regulatory Impact Analysis: Discusses the present regulatory actions as well as 

the impact of non-regulatory alternatives to setting energy efficiency standards. 

This analysis will be conducted during the NOPR phase. 

Incremental Markups: Theory and Evidence 

User Instructions for LCC Analysis Spreadsheet 

Uncertainty and Variability 

Appendix 6A 

Appendix 8A 

Appendix 8B 

Appendix  8C Distributions Used for Discount Rates  

Appendix 10A User Instructions for NIA Analysis Spreadsheet Model 

Appendix 10B Full-Fuel Cycle Analysis 

1.6 LIST OF ACRONYMS 

Acronym Definition 

ABS Acrylonitrile Butadiene Styrene 

AC Alternating-Current 

AEC Annual Energy Consumption 

AEO Annual Energy Outlook 
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PPI Producer Price Index 
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RFI Request for Information 

RIA Regulatory Impact Analysis 

RPM Revolutions Per Minute 

SC Social Cost 

SCF Survey of Consumer Finances 

SEC U.S. Securities and Exchange Commission 

SNOPR Supplemental Notice of Proposed Rulemaking 

TSD Technical Support Document 

UEC Unit Energy Consumption 

VC Variant Costs 

VSD Very-Small-Diameter 

W Watt 
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CHAPTER 2.  ANALYTICAL FRAMEWORK, COMMENTS FROM INTERESTED 
PARTIES, AND DOE RESPONSES 

2.1 INTRODUCTION 

2.1.1 Overview 

This chapter provides a description of the general analytical framework that DOE is using 
to evaluate potential energy conservation standards for ceiling fans. The analytical framework is 
a description of the methodology, analytical tools, and relationships among the various analyses 
that are part of this rulemaking.  

Figure 2.1 summarizes the analytical components of the standards-setting process. The 
focus of this figure is the center column, identified as “Analyses.” The columns labeled “Key 
Inputs” and “Key Outputs” show how the analyses fit into the rulemaking process, and how the 
analyses relate to each other. Key inputs are the types of data and information that the analyses 
require. Some key inputs exist in public databases; DOE collects other inputs from subject matter 
experts. Key outputs are analytical results that feed directly into the standards-setting process. 
Dotted lines connecting analyses show types of information that feed from one analysis to 
another. 
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Figure 2.1.1 Flow Diagram of Analyses for the Rulemaking Process 
 

In response to the May 7, 2021 publication of the energy conservation standards early 
assessment review RFI (“May 2021 RFI”), DOE received comments from interested parties 
regarding DOE’s analytical approach. 86 FR 24538. 



2-3 

Table 2.1.1 May 2021 RFI Written Comments 

Commenter(s) 
Reference in this 

Preliminary 
Analysis 

Commenter Type 

Air Movement and Control Association International, Inc. AMCA Trade Organization 
American Lighting Association ALA Trade Organization 
Big Ass Fans BAF Ceiling Fan Manufacturer 
Center for the Built Environment CBE Other 
ebm-papst, Inc. ebm-papst Fan Manufacturer 
Hunter Fan Company Hunter Ceiling Fan Manufacturer 
Marley Engineered Products MEP Ceiling Fan Manufacturer 
Natural Resources Defense Council, Appliance Standards 
Awareness Project, and Northwest Energy Efficiency 
Alliance 

NRDC et al.  Efficiency Organization 

Pacific Gas and Electric Company, Southern California 
Edison, and San Diego Gas and Electric Company CA IOUs Utilities 

Sweitzer Sweitzer Individual 
 

A parenthetical reference at the end of a comment quotation or paraphrase provides the 
location of the item in the public record.a 

This chapter summarizes the key comments and describes DOE’s responses. In the 
executive summary of the preliminary TSD, DOE identifies several issues for which DOE seeks 
public comment. DOE explains each of those issues in the relevant analysis sections below. 

2.2 SCOPE OF COVERAGE 

The current definition for a ceiling fan is codified in 10 CFR part 430.2 as the following: 

Ceiling fan means a nonportable device that is suspended from a ceiling for circulating 
air via the rotation of fan blades. For all other ceiling fan-related definitions, see appendix 
U of this subpart. 

DOE has established seven product classes for ceiling fans: Highly decorative, belt-
driven, VSD, hugger, standard, HSSD, and large-diameter ceiling fans. DOE notes that while 
highly decorative and belt-driven ceiling fans are within the scope of the rulemaking and must 
meet the design standards set forth in 42 U.S.C. 6295(ff), they are not currently subject to energy 
conservation standards. 82 FR 6826, 6832-6833.  

In response to the May 2021 RFI, Sweitzer recommended that DOE consider luminaires 
to eliminate the strobing effects and shadows associated with ceiling fan light kits.  (Sweitzer, 

                                                 
a The parenthetical reference provides a reference for information located in the docket of DOE’s rulemaking to 
develop energy conservation standards for ceiling fans. (Docket No. EERE-2021-BT-STD-0011, which is 
maintained at https://www.regulations.gov/document/EERE-2021-BT-STD-0011). The references are arranged as 
follows: (commenter name, comment docket ID number, page of that document). 
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No. 5 at p. 1)  DOE notes that ceiling fan light kits are regulated in a separate rulemaking (See 
docket No. EERE-2019-BT-TP-0024).  

Switzer also recommended that DOE consider dimmer controls for ceiling fans. 
(Sweitzer, No. 5 at p. 1)  EPCA requires that all ceiling fans manufactured on or after January 1, 
2007, meet certain design requirements, including adjustable speed controls, which DOE views 
as identical to Sweitzer’s request for ceiling fan dimmer controls.  42 U.S.C. 6295(ff)(1)(A)(ii) 

In response to the May 2021 RFI, BAF and Hunter recommended that DOE create a 
separate product class for air circulating fan heads. (BAF, No. 14 at p. 3; Hunter, No. 11 at p. 2) 
AMCA suggested DOE clarify the ceiling fans definition and explicitly state whether air 
circulating fan heads will be subject to regulation. (AMCA, No. 9 at p. 5) 

On December 7, 2021, DOE published a ceiling fan test procedure SNOPR (hereafter 
“December 2021 TP SNOPR”). 86 FR 69544. In the December 2021 TP SNOPR, DOE proposed 
to modify the ceiling fan definition to be the following: 

Ceiling fan means a nonportable device that is suspended from a ceiling for circulating 
air via the rotation of fan blades. For the purpose of this definition: 

(1) Circulating Air means the discharge of air in an upward or downward direction with 
the air returning to the intake side of the fan. A ceiling fan that has a ratio of fan blade 
span (in inches, “in.”) to maximum rotation rate (in RPM) greater than 0.06 provides 
circulating air.  

(2) For all other ceiling fan related definitions, see appendix U to this subpart. 86 FR 
69544, 69551.  

2.2.1 Very-Small Diameter Ceiling Fans 

In the December 2021 TP SNOPR, DOE noted that air circulating fan heads can be 
identified as having a diameter-to-maximum operating speed ratio of less than or equal to 0.06 
in./RPM. 86 FR 69544, 69550. If the December 2021 TP SNOPR is finalized, air circulating fan 
heads would not be subject to the scope of this rulemaking. Further, DOE noted that all VSD 
ceiling fans for which DOE had available test data would be considered more akin to air 
circulating fan heads. DOE noted that these high-speed VSD fans were “inappropriately covered 
and that because they provide directional airflow and are not ‘circulating air’, they would not be 
considered ceiling fans.” Id. In addition, on October 1, 2021, DOE issued a request for 
information seeking comment and information regarding air circulating fan heads coverage as 
part of a separate fans and blowers test procedure rulemaking. 86 FR 54412 

For the purpose of this preliminary analysis, DOE has analyzed VSD ceiling fans as 
currently defined in Appendix U to 10 CFR 430 subpart B. However, if the December 2021 TP 
SNOPR is finalized, all VSD fans that have a diameter-to-maximum operating speed ratio of less 
than or equal to 0.06 in./RPM would not be subject to the scope of this rulemaking. VSD fans 
that exceed the diameter-to-maximum operating speed ratio would still be subject to the ceiling 
fan scope. However, as noted in the December 2021 TP SNOPR, all VSD fans, for which DOE 
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has data, have a diameter-to-maximum operating speed ratio of less than or equal to 0.06 
in/RPM. Therefore, DOE expects that there are no ceiling fans on the market that meet the 
definition of a VSD ceiling fan.  

DOE requests comment and data regarding its observation that all VSD ceiling fans 

currently on the market would have a diameter-to-maximum operating speed ratio of less than or 

equal to 0.06 in/RPM. 

2.2.2 Belt-Driven Ceiling Fans 

On July 25, 2016, DOE published a test procedure final rule (81 FR 48619, hereafter 
“July 2016 TP Final Rule”), in which it stated it would not propose standards for belt-driven 
ceiling fans due to the limited number of basic models and lack of available data. 81 FR 48619, 
48622. In the concurrent January 2017 Energy Conservation Standards Final Rule, DOE noted 
that the observed belt-driven ceiling fans were highly customizable, and customers can decide on 
the number of fan heads, distance from the motor to the fan head, and type of belt. (See chapter 3 
of the January 2017 Energy Conservation Standards Final Rule Technical Support Documentb). 
While a definition and product class were established, belt-driven ceiling fans were exempt from 
the test procedure and energy conservation standards were not established. Belt-driven ceiling 
fans are defined as “a ceiling fan with a series of one or more fan heads, each driven by a belt 
connected to one or more motors that are located outside of the fan head.” Appendix U to subpart 
B of 10 CFR 430. 

In the May 2021 RFI, DOE requested comments and data for determining whether the 
implementation of energy conservation standards for belt-driven ceiling fans would be 
technically feasible and economically justifiable. 86 FR 24538, 24539. MEP commented in 
support of efficiency standards for belt driven fans, (MEP, No. 6 at p. 3)  Hunter deferred to the 
comments from ALA and AMCA on the issue. (Hunter, No. 11 at p. 2) 

ALA commented that testing belt-driven fan systems is difficult since they are highly 
customizable and stated that these fans would need a different test method and test set-up than 
that used for more traditional ceiling fans if they were to be regulated. (ALA, No. 8 at p. 1) 
Ultimately, ALA commented that it would not be economically justifiable to establish standards 
for belt-driven fans. Id.  They estimated fewer than 500 belt-driven fans sold in 2021 and only 
one manufacturer with sales in the U.S. ALA also argued that forcing belt-driven fans to use a 
BLDC motor would likely result in their removal from the market. (ALA, No. 8 at p. 2) 

 During manufacturer interviews, there was a common position that these highly 
customizable belt-driven ceiling fans were a very small portion of the market. Manufacturers 
agreed with ALA’s estimates regarding estimated sales and concurred that they were difficult to 
test. DOE notes that these belt-driven ceiling fans are not currently subject to DOE’s test 

                                                 
b Found at: https://www.regulations.gov/document/EERE-2012-BT-STD-0045-0149. 

https://www.regulations.gov/document/EERE-2012-BT-STD-0045-0149
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procedure at Appendix U. DOE is not aware of an industry test procedure for testing these highly 
customizable belt-driven ceiling fans and does not have data to propose efficiency standards. For 
these reasons, DOE has not evaluated possible standards levels for these highly customizable 
belt-driven ceiling fans in its ceiling fans preliminary analysis.   

 In response to the May 2021 RFI, BAF and AMCA commented that a new type of belt-
driven ceiling fan that uses a larger motor and higher tip speeds has recently entered the market. 
(BAF, No. 14 at p. 2; AMCA, No. 9 at p. 4) BAF and AMCA recommended that DOE create 
two product classes for these belt-driven ceiling fan: one high speed and one low speed. BAF 
and AMCA suggested that the high-speed belt-driven ceiling fans be subject to testing according 
to AMCA 230-15. Id. BAF also recommended that belt-driven high-speed ceiling fans be subject 
to energy conservation standards, but low-speed belt-driven ceiling fans should be exempted. 
(BAF, No. 14 at p.2) The CA IOUs identified one of these high-speed belt-driven ceiling fans 
(drum-type circulating ceiling fan) and asked DOE to clarify whether industrial belt-driven fans 
are covered as ceiling fans or as commercial and industrial fans and blowers. (CA IOUs, No. 12 
at p. 4-5) 
 

In the December 2021 TP SNOPR, DOE noted that these fans were typically single-head 
fans housed in a cage and mounted to the ceiling by straps or brackets as opposed to the 
traditional downrod. 86 FR 69544, 69552. DOE noted that unlike other belt-driven ceiling fans, 
they are not generally customizable, and the fan head can be isolated for testing. 86 FR 69544, 
69552. DOE proposed to define HSBD ceiling fans as “a small-diameter ceiling fan that is a belt-
driven fan with one fan head and has tip speeds greater than or equal to 5,000 feet per minute.” 
86 FR 69544, 69552. DOE also proposed to define LDBD ceiling fans as a “belt-driven ceiling 
fan with one fan head that has a represented value of blade span, as determined in 10 CFR 
429.32(a)(3)(i), greater than seven feet.” 86 FR 69544, 69552. DOE proposed to test these 
HSBD and LDBDs according to AMCA 230-15 at high speed, if the fan is only capable of single 
speed operation, and at both high speed and 40 percent speed, if the fan is capable of multi-speed 
operation. 86 FR 69544, 69552.   

In this preliminary analysis, DOE has included its preliminary research on the market 
distribution of efficiencies for HSBD and LDBD ceiling fans and whether energy conservation 
standards would be technologically feasible and economically justified for these products.  

DOE requests comment and data regarding the sales of HSBD and LDBD ceiling fans in 

the current year, over the past five years, and expected shipments in the next five years. 

DOE requests comment and data regarding the distribution of efficiencies of HSBD and 

LDBDs available on the market and the test procedure used to calculate the airflow and power 

consumption.  
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2.3 TEST PROCEDURE 

DOE’s existing test procedures for low-speed small-diameter ceiling fans were 
established in the July 2016 TP Final Rule and appear at Appendix U to subpart B of 10 CFR 
430. 81 FR 48620, 48622. On September 30, 2019, DOE published a test procedure NOPR 
(“September 2019 TP NOPR”) proposing amendments to the test procedure. 84 FR 51440. 
Concurrently, DOE initiated a round robin test program for ceiling fans to observe laboratory 
setups and test practices, evaluate within-laboratory variation (i.e., repeatability) and assess 
between-laboratory consistency (i.e., reproducibility).  

In response to the May 2021 RFI, MEP expressed concern that since the round robin test 
data had not been published, higher standards could be based on a test procedure that is not 
repeatable and reproducible. (MEP, No. 6 at p. 1 and p. 5-7) MEP encouraged DOE to publish its 
round robin findings prior to pursuing higher efficiency standards. Id.  DOE notes that the Round 
Robin report (“October 2021 Round Robin Report”) was published on October 5, 2021 and is 
available at Docket No. EERE-2013-BT-TP-0050-0038. 

BAF commented that DOE should finalize the proposals in the September 2019 TP 
NOPR. (BAF, No. 14 at p. 5) ALA agreed that DOE should finalize the test procedure so 
stakeholders can better evaluate any proposal to amend standards. (ALA, No. 8 at p. 3) MEP 
reiterated their comments made in response to the September 2019 TP NOPR regarding the 
method for measuring blade edge thickness. (MEP, No. 6 at p. 7) CBE commented that operating 
a fan in reverse can create a more uniform airflow at lower speed, but with an energy 
consumption penalty; however reverse operating data is not available from DOE’s test 
procedure. (CBE, No. 7 at p. 3) CBE also stated that in the future fans may be powered by DC 
power directly and therefore DOE may want to allow design for fans powered with DC power 
directly. (CBE, No. 7 at p. 5) 

As previously mentioned, DOE published the December 2021 TP SNOPR on December 
7, 2021, which proposed additional amendments to DOE’s test procedure in response to 
stakeholder comments and the results of the round robin report.  

Also, in response to the May 2021 TP RFI, AMCA requested DOE clarify that 
manufacturers should apply the technical erratum to AMCA 230-15 when certifying to DOE. 
(AMCA, No. 9 at p. 6) DOE notes that in the December 2021 TP SNOPR, DOE clarified that the 
technical errata sheet applied to AMCA 230-15, which is currently incorporated by reference in 
10 CFR 430.3(b)(4). 86 FR 69544, 69551 

On May 27, 2021 DOE published a final rule to amend the current regulations for large-
diameter ceiling fans. 86 FR 28469 (“May 2021 Technical Amendment”) The May 2021 
Technical Amendment was published to codify provisions enacted by Congress through the 
Energy Act of 2020. Specifically, section 1008 of the Energy Act of 2020 amended section 
325(ff)(6) of EPCA to specify that large-diameter ceiling fans manufactured on or after January 
21, 2020, are not required to meet minimum ceiling fan efficiency requirements in terms of the 
ratio of the total airflow to the total power consumption as established in a final rule published 
January 19, 2017 (82 FR 6826; “January 2017 Final Rule”), and instead are required to meet 
specified minimum efficiency requirements based on the CFEI metric. 86 FR 28469, 28469-70. 
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2.3.1 Metric 

In the January 2017 Final Rule, DOE amended energy conservation standards for ceiling 
fans, which are expressed as the minimum allowable efficiency in terms of CFM/W, as a 
function of ceiling fan diameter in inches. 82 FR 6826, 6827 As previously mentioned, pursuant 
to the Energy Act of 2020, large-diameter ceiling fans are subject to standards in terms of the 
CFEI metric, with one standard based on operation of the fan at high speed (“CFEI100”) and a 
second standard based on operation of the fan at 40 percent speed or the nearest speed that is not 
less than 40 percent speed (“CFEI40”). (42 U.S.C. 6295(ff)(6)(C)(i), as codified)  

In response to the May 2021 RFI, AMCA requested clarification as to whether 
manufacturers can continue to use the CFM/W metric for large-diameter ceiling fan 
representations, provided they are calculated in accordance with Appendix U to subpart B of 10 
CFR 430. (AMCA, No. 9 at p. 5) DOE notes that 42 U.S.C. 6293(C) generally prohibits 
manufacturers from making representations with respect to energy use or efficiency unless such 
product has been fairly tested in accordance with the DOE prescribed test procedure. Therefore, 
any representations of airflow or power usage shall be conducted in accordance with the 
requirements of Appendix U to subpart B of 10 CFR 430. Specifically, regarding publishing a 
combined CFM/W metric, DOE notes that section 4.0 of Appendix U to subpart B of 10 CFR 
430 provides a formula for calculating CFM/W with prescribed operating speeds and operating 
hours that are specific to small-diameter ceiling fans. Therefore, manufacturers should refrain 
from publishing a CFM/W metric for large-diameter ceiling fans since the prescribed operating 
speeds and operating hours are not provided for large-diameter ceiling fans and may not be 
representative for large-diameter ceiling fans.  

In the May 2021 RFI, DOE requested comment on the relationship between CFM/W and 
the CFEI metric, specifically in relation to large-diameter ceiling fans. The primary focus of this 
request was to ascertain whether technologies that improve the efficiency of large-diameter 
ceiling fans in terms of CFM/W also improve efficiency in terms CFEI. DOE also requested 
airflow and power usage data at 40 percent speed and at high speed for large-diameter ceiling 
fans that are currently on the market. 86 FR 24538, 24542.  

In response, BAF commented that technologies that decrease the input power of the fan 
will impact the CFM/W and CFEI metrics in the same way, but technologies that decrease high-
speed airflow have a greater effect on CFM/W than on CFEI. (BAF, No. 14 at p. 4) AMCA 
commented that technologies that reduce power usage at a given airflow, such as more efficient 
motors, drives, and blade designs are likely to increase both CFM/W and CFEI. (AMCA, No. 9 
at p. 14) AMCA stated that because of the relationship between power and airflow, a “bad fan” 
could be slowed to meet the CFM/W metric, while a higher utility (i.e., higher maximum 
airflow) fan would have a difficult time complying with the CFM/W metric. (AMCA, No. 9 at p. 
15) AMCA provided plots demonstrating how the CFM/W penalized high-airflow ceiling fans 
and the CFEI100 metric did not. (AMCA, No. 9 at p.16) 

Regarding the CFM/W metric more generally, Hunter commented that CFM/W matters 
less to consumers than perceived air velocity. (Hunter, No. 11 at p. 2) Hunter expanded that a 
high CFM/W does not lead to consumer satisfaction because consumers want air velocity and do 
not want to wait for the longer-term benefits of superior air circulation to provide cooling. Id. 
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CBE agreed that the current CFM/W labeling requirement is not as relevant to consumers 
because they care more about air speed. (CBE, No. 7 at p. 3) 

DOE stated in the January 2017 Final Rule that slowing down a fan can significantly 
reduce energy consumption, but recognized that airflow factors heavily into consumer utility. 82 
FR 6826, 6844. DOE observed some variation in airflow produced by commercially available 
fans of the same diameter and interpreted this to mean that some variation in airflow at a given 
diameter is acceptable to the market. Id. DOE did not include slowing down the ceiling fan as a 
design option to avoid setting standards that may result in reduced utility. Id. 

NRDC et al. commented that DOE should consider expanding the CFEI metric to small-
diameter ceiling fans in addition to large-diameter ceiling fans, given that higher-airflow small-
diameter fans also have a more difficult time meeting a CFM/W standard. (NRDC et al., No. 10 
at p. 3) CBE commented that applying the CFEI metric to small-diameter ceiling fans could be a 
better metric, but may be overly complex for the general public. (CBE, No. 7 at pp. 2-3) CBE 
speculated that a metric that estimates the “cooling effect” to a consumer directly under a fan at 
maximum and minimum speed may be more relevant than airflow or “fan air speed”. (CBE, No. 
7 at p. 3) Alternatively, CBE suggested that DOE could develop a power-to-airflow curve and 
use the curve to estimate energy performance at a standardized airflow (CBE, No. 7 at p.2) 
Regarding large-diameter ceiling fans, AMCA also provided a comparison between the CFM/W 
metric and CFEI metric indicating that large-diameter ceiling fans could increase their CFM/W 
by slowing their fan, without reducing power use at a given speed. (AMCA, No. 9 at p. 14-16) 
Overall, stakeholders seemed to agree that an alternative metric for small-diameter ceiling fans, 
such as CFEI, may reduce the risk of manufacturers reducing ceiling fan speed in order to 
comply with the CFM/W metric, but could have an impact on consumers.  

DOE notes that the CFM/W metric has been used by residential ceiling fan purchasers via 
the ENERGY STAR® program since 2002.1 Changing metrics could lead to confusion for 
consumers, as was noted by CBE. Since large-diameter ceiling fans were never included in the 
ENERGY STAR® program, DOE expects that changing the metric for large-diameter ceiling 
fans is less of a concern.  

DOE conducted a preliminary comparison between the CFM/W metric and CFEI100 
metric for small-diameter ceiling fans currently on the market. DOE relied on data from the CEC 
Modern Appliance Efficiency Database System and the ENERGY STAR® Certified Ceiling 
Fans Database, as described in section 2.4.2.1. These public databases include CFM/W values, 
which constitute the y-axis. The also include blade span, airflow on high speed, and power usage 
at high speed, from which DOE can calculate CFEI100.  DOE observed that CFM/W had a 
largely linear relationship with CFEI100, indicating that within the current market, there does not 
appear to be a significant number of manufacturers who slow down their small-diameter ceiling 
fans in order to comply with the current energy conservation standards. DOE observed that many 
of the very high-airflow ceiling fans currently on the market use BLDC motors which, despite 
the high airflow, are certified well above the current energy conservation standards. DOE has 
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presented a comparison of CFM/W values compared to CFEI100 values for 52” standard ceiling 
fans in Figure 2.3.1. 

Figure 2.3.1  52” Standard Ceiling Fan CFM/W versus CFEI100 Values 

 

 

Prior to the adoption of the CFEI metric for large-diameter ceiling fans, DOE understands 
that there were situations where a large-diameter ceiling fan provides a certain airflow at 100 
percent speed ,while a second large-diameter celling fan provides the same airflow at partial 
speed.  The relationship between airflow and power usage, along with the CFM/W metric, meant 
that the ceiling fan using more electricity to provide identical airflow could be certified as more 
efficient under the CFM/W metric.2 Small-diameter ceiling fans typically have only three speeds. 
Therefore, consumers are unlikely to purchase fans with identical airflow where the ceiling fan 
consuming more power is certified as more efficient. As previously mentioned, DOE assumes 
there is some variation in airflow that is acceptable to consumers and assumes that consumers 
would purchase a ceiling fan with their desired max-airflow. In this case, CFM/W is able to serve 
as a useful comparative metric of ceiling fan efficiency. 

For the reasons stated above, DOE is uncertain that an alternative metric would have 
value to consumers. DOE did not propose an alternative metric for small-diameter ceiling fans in 
the December 2021 TP SNOPR and therefore DOE did not evaluate an alternative metric for 
small-diameter ceiling fan efficiency in this preliminary analysis. To account for stakeholder 
concerns regarding airflow, DOE maintained a constant airflow in its evaluation of higher 
efficiency ceiling fan models, as discussed in section 2.6. 
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2.3.2 Certification 

The current certification reports for ceiling fans require that manufacturers include the 
number of speeds within the ceiling fan controls and a declaration that the manufacturer has 
incorporated the applicable design requirements, in addition to the general requirements of 10 
CFR 429.12. 10 CFR 429.32(b) In the September 2019 TP NOPR, DOE proposed to require 
more information for ceiling fans, including blade span, CFM/W, and airflow at high speed, 
amongst others. 84 FR 51440, 51460 

In response to the May 2021 RFI, the CA IOUs and NRDC et al. commented that the 
current certification requirements do not require reporting efficiency and encouraged DOE to 
finish the test procedure and require reporting of the attributes proposed the September 2019 TP 
NOPR as soon as possible. (CA IOUs, No. 12 at p. 1-2; NRDC et al., No. 10 at p. 3) CBE 
commented that the CFM/W is less important than maximum and minimum airflow and 
recommended adding the maximum and minimum airflow to the label and certification 
requirements. (CBE, No. 7 at p. 3) CBE added that many ceiling fans in commercial applications 
operate at very low air speed and have limited turn-down capability, therefore minimum airflow 
should be included in labeling. (CBE, No. 7 at p. 4) ACMA added that DOE should update the 
certification requirements to include all information to certify compliance with the energy 
conservation standards and that certification reports should include CFEI, airflow rating, and 
density-converted power at 100 percent and 40 percent. (AMCA, No. 9 at p. 24)  

DOE notes that it has initiated a certification rulemaking designed to specifically address 
all certification and labeling comments. This is available at Docket No. EERE-2012-BT-STD-
0045-0157.  

2.4 MARKET AND TECHNOLOGY ASSESSMENT 

When initiating a standards rulemaking, DOE develops information on the present and 
past industry structure and market characteristics for the products concerned. This activity 
assesses the industry and product classes, both quantitatively and qualitatively, based on publicly 
available information. As such, for the considered product classes, DOE addressed the following: 
(1) manufacturer market share and characteristics; (2) product classes; (3) existing regulatory and 
non-regulatory product efficiency improvement initiatives; and (4) trends in product 
characteristics and retail markets. This information serves as resource material throughout the 
rulemaking and can be found in chapter 3 of the TSD.  

2.4.1 Current Product Classes  

DOE must specify a different standard level for a type or class of product that has the 
same function or intended use, if DOE determines that products within such a group: (A) 
consume a different kind of energy from that consumed by other covered products within such 
type (or class); or (B) have a capacity or other performance-related feature which other products 
within such type (or class) do not have and such feature justifies a higher or lower standard. (42 
U.S.C. 6295(q)(1)) In determining whether a performance-related feature justifies a different 
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standard for a group of products, DOE must consider such factors as the utility to the consumer 
of the feature and other factors DOE deems appropriate. Id. Any rule prescribing such a standard 
must include an explanation of the basis on which such higher or lower level was established. 
(42 U.S.C. 6295(q)(2)) 

As noted in Section 2.2, seven product classes have been defined by DOE for ceiling fans 
in the January 2017 final rule: Highly decorative, belt-driven, VSD, hugger, standard, HSSD, 
and large-diameter ceiling fans. 82 FR 6826, 6836. The definition for each of these product 
classes is given in Appendix U.  

As was noted in section 2.2, belt-driven ceiling fans and highly decorative ceiling fans 
are also not currently subject to standards. 10 CFR 430.32(s)(2)(iii)(C) and (E). In addition to 
these two product classes, performance standards have not been established for ceiling fans for 
which the plane of rotation of a ceiling fan's blades is not less than or equal to 45 degrees from 
horizontal or cannot be adjusted based on the manufacturer's specifications to be less than or 
equal to 45 degrees from horizontal; centrifugal ceiling fans; or oscillating ceiling fans. 10 CFR 
430.32(s)(2)(iii)(A), (B), and (D) The remaining five product classes, which are currently subject 
to standards, are described by fan diameter, blade thickness, and blade-to-ceiling distance and are 
defined in Appendix U. The current product classes that are and are not subject to energy 
conservation standards, along with potential additional product classes analyzed in this 
preliminary analysis, and their efficiency metric are summarized in Table 2.4.1.1.  

 
Table 2.4.1  Product Classes for Ceiling Fans 

Product Classes Currently Subject to Energy Conservation Standards 

Product Class Efficiency Metric 
Standard CFM/W 
Hugger CFM/W 

Very-Small Diameter CFM/W 
High-Speed Small-Diameter CFM/W 

Large-Diameter  CFEI 

Product Classes Currently Not Subject to Energy Conservation Standards 

Product Class Efficiency Metric 
Highly Decorative N/A 

Belt-Driven N/A 
Potential Product Classes Analyzed in Preliminary Analysis 

Product Class Efficiency Metric 
High-Speed Belt-Driven N/A 

Large-Diameter Belt-Drive N/A 
High-Airflow Large-Diameter CFEI 
Low-Airflow Large-Diameter CFEI 
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2.4.1.1 Additional Class-setting Factors  

In the May 2021 RFI, DOE requested comment regarding whether any other new product 
classes should be considered for inclusion in its analysis and, if so, whether there were any 
corresponding data and details explaining the energy use impacts that would justify an additional 
product class.  86 FR 2538, 24539. MEP commented that they support DOE’s methodology for 
evaluating new product classes. (MEP, No. 6 at p. 8) 

Belt-Driven Ceiling Fans 

As described in section 2.2.2, stakeholders have identified a new type of belt-driven 
ceiling fan that potentially justifies an additional product class. As stated, DOE proposed in the 
December 2021 TP SNOPR to include these products within the scope of the test procedure. In 
this preliminary analysis, DOE has included requests for comment and data regarding the current 
efficiency distribution for HSBD and LDBD ceiling fans and is evaluating whether energy 
conservation standards would be technologically feasible and economically justified for these 
products.  

High- and Low-Airflow Large-Diameter Ceiling Fans 

In its response to the May 2021 RFI, AMCA identified some very low-airflow large-
diameter ceiling fans that could constitute a new product class, but did not have data to justify an 
additional product class. (AMCA, No. 9 at p. 7) BAF agreed with AMCA that two product 
classes could be justified for large-diameter ceiling fans, one for high-airflow and one for low-
airflow. (BAF, No. 14 at p. 2) BAF stated that low-airflow large-diameter ceiling fans are used in 
commercial spaces, while high-airflow large-diameter ceiling fans are typically used in industrial 
spaces. Id. Similarly, CBE commented that a uniform airspeed is preferred in commercial 
applications and the maximum speed of the large-diameter ceiling fan is less relevant, whereas a 
higher maximum airflow is desirable in industrial applications. (CBE, No. 7 at p. 3) CBE noted 
that these different applications may justify separating large-diameter ceiling fans into high- and 
low-airflow product classes. Id. BAF further proposed cut-off values to separate low-airflow 
ceiling fans from high-airflow ceiling fans. (BAF, No. 14 at pp. 2-3)  

DOE evaluated manufacturer literature and observed that many manufacturers of large-
diameter ceiling fans offer different product lines targeting either higher-airflow industrial 
applications or lower-airflow commercial applications. In interviews, manufacturers noted that 
low-airflow fans are more often used in commercial applications, where the airspace is often air-
conditioned and there are acoustic concerns. Similarly, DOE has observed new low-airflow 
ceiling fans that are produced by manufacturers who primarily compete in the residential market. 
These large-diameter ceiling fans tend to operate at much lower airflows (often less than 15,000 
CFM at high speed) than industrial large-diameter ceiling fans (typically well over 30,000 CFM 
at high speed for even the smallest large-diameter ceiling fans). In many cases these fans use 
similar or identical motors to the BLDC motors used in low-speed small-diameter ceiling fans. 

By contrast, the high-airflow large-diameter ceiling fans are typically developed for 
industrial applications where the fan is the only cooling source (i.e., areas without air 
conditioning). These applications do not typically have acoustic demands (i.e., it doesn’t matter 
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how loud they are) and operate at higher speeds. Additionally, DOE observed that the high-
airflow large-diameter ceiling fans tend to use a larger HP motor than low-airflow large-diameter 
ceiling fans, while most of the other features (i.e., blade design, number of blades, mounting 
hardware, drive, etc.) remain the same.   

DOE evaluated separating large-diameter ceiling fans into high-airflow and low-airflow 
product classes since high-airflow and low-airflow are used in different applications. DOE used 
the values suggested by BAF for separating low-airflow ceiling fans from high-airflow ceiling 
fans. (BAF, No. 14 at p. 3)  

DOE requests comment and data regarding the proposed cut-off values for separating 

low-airflow ceiling fans from high-airflow large-diameter ceiling fans.  

Very-Close Mount Hugger Ceiling Fans 

DOE observed that different hugger ceiling fan models often have similar high speed 
power consumption regardless of airflow. One possible explanation for this is that hugger ceiling 
fans that are very close to the ceiling may operate at similar RPM and have similar power usage 
to hugger fans further from the ceiling (while still less than 10 inches), but have lower airflows 
due to the creation of a vacuum between the fan blades and the ceiling that prevents air from 
returning to the input side of the ceiling fan (i.e., the air choking effect). While many of today’s 
hugger ceiling fans have a greater distance between the ceiling and the fan blades than previous 
designs, Hunter suggested that DOE should continue to account for the air choking effect in 
evaluating hugger ceiling fans. (Hunter No. 11 at p. 6)  

During manufacturer interviews, several manufacturers stated that they increased the 
distance between the fan blades and ceiling to improve the product CFM/W in order to meet the 
January 2017 energy conservation standards. Moving a hugger ceiling fan further from the 
ceiling represents a possible method for increasing ceiling fan airflow without increasing power 
consumption, although at the expense of any potential consumer preferences for very-close 
ceiling fans. In its review of product literature, DOE found hugger ceiling fans with blades 
ranging less than 6 inches to 10 inches from the ceiling. Further, some standard ceiling fans with 
integrated ceiling fan light-kits may still be advertised as low-profile or flush mounted.  

DOE requests comment regarding whether consumers view all hugger ceiling fans as 

equivalent or if there is additional consumer utility associated with hugger fans that are closer to 

the ceiling.  
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2.4.2 Market Assessment 

DOE performed a market assessment to identify ceiling fan manufacturers, trade groups, 
and domestic manufacturers; discuss manufacturer market share, regulatory programs, and non-
regulatory initiatives; and provide historical shipment data and product lifetime estimates. 

2.4.2.1 Small-Diameter Ceiling Fans 

DOE stated in the May 2021 RFI that because ceiling fan efficiency is not reported in 
DOE’s compliance certification database, DOE relied on market research, along with public 
databases like the CEC Modern Appliance Efficiency Database System and the ENERGY 
STAR® Certified Ceiling Fans Database to develop an understanding of the distribution of 
efficiencies currently available on the market. 86 FR 24538, 24542. In response, Hunter 
commented that the public data reflect a distorted market view, and it is possible that a single 
manufacturer with a modest market share could have a disproportionate percentage of basic 
models in a given product class. (Hunter, No. 11 at p. 1) Hunter recommended DOE rely on 
confidential manufacturer market data to understand the distribution of ceiling fans sold. Id. 

Regarding ENERGY STAR® specifically, Hunter commented that ENERGY STAR® 
fans represent an insignificant percentage of residential fans and that the lack of market impact 
for ENERGY STAR® indicates that consumers are driven by price and aesthetic appearance 
when selecting a fan. (Hunter, No. 11 at p. 4) They stated that the insignificant percentage of 
ENERGY STAR® fans is because ENERGY STAR® requires BLDC motors, and the 
substantial retail price increase from using a BLDC motor does not justify the $5 in annual 
savings. Id. ALA added that while the BLDC ceiling fan market is growing, consumers are less 
inclined to purchase BLDC motor fans than AC motor fans because BLDC motor fans are more 
expensive. (ALA, No. 8 at p. 4) 

The most recent amendment to the ENERGY STAR® regulations for Residential Ceiling 
Fans and Ceiling Fan Light Kits became effective June 15, 20183, and specifies the efficiency 
criteria that ceiling fans must meet to qualify for ENERGY STAR® labeling. The ENERGY 
STAR® efficiency requirements are designed as a piecewise function relating product blade span 
and product CFM/W, featuring a less steep slope below 36 inches in diameter, and a steeper 
slope above 36 inches in diameter that aligns with the maximum technologically feasible (“max-
tech”) efficiency levels from the January 2017 Final Rule. DOE notes that only the standard and 
hugger product classes (along with a subset of HSSD fans specifically targeted for residential 
applications) are eligible for ENERGY STAR® certification.  

In the year immediately prior to implementation of the ENERGY STAR® version 4.0 
standard, ENERGY STAR® estimated 2.037 million ENERGY STAR® certified ceiling fans 
(including those sold both with and without light kits) were sold in 2017,4 as compared to 2020, 
when an estimated 0.609 million ENERGY STAR® certified units were sold.5 In manufacturer 
interviews, manufacturers stated that ENERGY STAR® sales had declined and generally agreed 
that BLDC motors were needed to meet the current ENERGY STAR® efficiency requirements. 
Manufacturers noted that ENERGY STAR® certified ceiling fans generally target higher price 
point consumers or target specific applications where ENERGY STAR® certified appliances are 
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required, such as government contracts or ENERGY STAR® certified buildings. As such, the 
number of ENERGY STAR® certified models should not serve as a proxy for the percentage of 
overall shipments at a given efficiency level.  

For this preliminary analysis, DOE relied on the ENERGY STAR® Certified Ceiling Fan 
Database, along with the CEC Modern Appliance Efficiency Database, in evaluating the 
distribution of efficiencies available on the market, but did not use these numbers to estimate the 
number of shipments at each efficiency level because, as stakeholders commented, the number of 
basic models is not representative of shipments. DOE supplemented these public databases with 
manufacturer literature, where available, to identify motor type, motor size, blade material, blade 
pitch, maximum revolutions per minute, retail prices, and other relevant design criteria. This 
information was used to inform the engineering analysis, including the design options used to 
increase ceiling fan efficiency and to compare various design options.  

In evaluating the distribution of efficiencies in ceiling fan shipments, DOE relied on 
confidential manufacturer market data and estimates, supplemented with additional data sources 
as discussed in section 2.10. During manufacturer interviews, manufacturers stressed that basic 
model efficiency distributions can vary significantly from the distribution of product sales. 
Manufacturers shared that products are designed with targeted price points in mind. For example, 
manufacturers stated that the highest percentage of ceiling fan sales are for less than $129 and 
that manufacturers often target specific price point niches rather than all possible price points. 
Therefore, a manufacturer may have a large number of basic models, but target higher price 
points and therefore represent a smaller percentage of overall market sales. Additional details 
regarding the shipments estimates used by DOE can be found in section 2.10. 

2.4.2.2 Large-Diameter Ceiling Fans 

For large-diameter ceiling fans, in response to the May 2021 RFI, BAF commented that 
DOE will be able to better analyze the distribution of efficiencies on the market after finalization 
of the certification reporting requirement outlined in the September 2019 Test Procedure NOPR 
(84 FR 51440). (BAF, No. 14 at p. 4) As noted in section 2.3.2, DOE has issued initiated a 
certification rulemaking designed to specifically address all certification and labeling comments. 
BAF commented that there are 7 commercially available large-diameter ceiling fans that would 
meet the max-tech efficiency level from the January 2017 Final Rule and stated that the CFM/W 
of these ceiling fans varies with airflow. (BAF, No. 14 at pp. 4-5) DOE notes that because the 
efficiency metric has changed from CFEI to CFM/W, the max-tech CFM/W from the last 
rulemaking is not relevant to the market.  

  For this preliminary analysis, DOE evaluated the distribution of efficiencies available on 
the market by relying on publicly available manufacturer literature, which in many cases 
advertises the airflow and power usage at a variety of speeds. DOE used these values to calculate 
large-diameter ceiling fan CFEI. DOE supplemented publicly available data with aggregated 
confidential manufacturer data. Similar to small-diameter ceiling fans, DOE relied on aggregated 
confidential manufacturer data and estimates, supplemented with additional data sources to 
estimate the breakdown of large-diameter ceiling fan sales. Additional details regarding the 
shipments estimates used by DOE can be found in section 2.10. 
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2.4.3 Technology Assessment  

As part of the market and technology assessment, DOE developed a list of potential 
technologies for consideration for improving the efficiency of ceiling fans. DOE typically uses 
information about existing and past technology options and prototype designs to determine 
which technologies manufacturers use to attain higher performance levels. These technologies 
encompass all those DOE initially identified as technologically feasible. 

In the May 2021 RFI, DOE requested comment on various technology options to 
consider for improving the efficiency of ceiling fans. Specifically, DOE requested comment 
regarding their applicability to the market, impacts on the efficiencies of ceiling fans as 
measured according to the DOE test procedure, changes since the January 2017 final rule, and 
how each technology option could impact the availability of ceiling fan features or utility for 
consumers. 86 FR 24538, 24542.  

AMCA and BAF commented that fan optimization is used for large-diameter ceiling 
fans.. (AMCA, No. 9 at p. 10,19; BAF, No. 14 at p. 4)  AMCA explained that fan optimization is 
used through the product development and improvement process, but it could not quantify the 
impact of optimization on CFEI. (AMCA, No. 9 at p. 10,19) BAF added that direct drive, 
permanent magnet and premium induction motors, airfoil blades, blade attachments, and 
temperature and occupancy sensors are commonly offered on large-diameter ceiling fans. (BAF, 
No. 14 at p. 4)  

DOE further requested comment on any new ceiling fan technology options since the 
January 2017 final rule, with a focus on self-balancing systems. 86 FR 24538, 24542. DOE noted 
that some manufacturers advertise self-balancing technology to reduce noise and improve 
aerodynamics. Id. Hunter commented that its internal testing showed negligible energy savings 
for self-balancing systems that do not justify the increased costs. (Hunter, No. 11 at p. 4) BAF 
stated that there was no data showing the impact of self-balancing systems on efficiency. (BAF, 
No. 14 at p. 3) AMCA replied that they were uncertain about how a self-balancing system would 
impact large-diameter ceiling fans (AMCA, No. 9 at p. 22) 

DOE did not receive any data or comment indicating that self-balancing systems improve 
the efficiency of ceiling fans. Therefore, DOE did not consider self-balancing systems as a 
potential technology option to improve the efficiency of ceiling fans. DOE received several 
additional technology specific comments, addressed below.  

2.4.3.1 More Efficient Motors 

Small-Diameter Ceiling Fans 

In the May 2021 RFI, DOE identified larger direct-drive single-phase induction motors 
and BLDC motors as potential technology options for small-diameter ceiling fans. 86 FR 24538, 
24542.  
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Single-phase AC induction motors (specifically permanent-split capacitor motors) with 
an external rotor are most commonly used in ceiling fans. In general, larger motors are more 
energy efficient. This can be due to combinations of the following factors: increased steel and/or 
steel with better efficiency characteristics in the stator and rotor, increased cross-section and/or 
length of the copper windings, and improved lamination design.  

DOE also identified BLDC motors as a potential technology option for improving the 
efficiency of ceiling fans. 86 FR 24538, 24542. AMCA and ebm-papst both commented that they 
assumed DOE’s use of the term “brushless DC motor” to mean “AC-powered permanent magnet 
motor” and that such motors are occasionally called synchronous motors. They noted that the 
term “brushless” is synonymous with “electronically commutated.” (ebm-papst, No. 13 at p. 1; 
AMCA, No. 9 at p. 13 FN 2) DOE notes that what are commonly called BLDC motors in the 
small-diameter ceiling fan industry are often also referred to as either “electronically-
commutated motors” (ECMs) or “AC permanent magnet” (“PMAC”) motors, due to their use of 
electronic commutation and the fact that they utilize permanent magnets on their rotors. ebm-
papst and AMCA added that DC power is not commonly available in buildings. (ebm-papst, 
No.13 at p. 1; AMCA, No. 9 at p. 13) Therefore, ebm-papst and AMCA explained that a 
converter is needed to rectify incoming AC power to DC power and an inverter, or “electronic 
drive system” then controls the power flow through electronic commutation. (ebm-papst, No. 13 
at p. 1; ACMA, No. 9 at p. 13 FN2)  

To help avoid confusion, DOE will use the terms BLDC motors when referring to small-
diameter ceiling fans and permanent magnet direct-drive motors when referring to large-diameter 
ceiling fans. For more information on distinctions between motor types, see chapter 3 of the 
TSD.  

ebm-papst added that since ceiling fans are required to have reversible rotation and speed 
control features, a variable frequency drive must be used to control AC induction motors. (ebm-
papst, No. 13 at p. 2) They added that the main difference between a variable frequency drive for 
an induction motor versus a PMAC motor is in the feedback loop from the motor to the drive, 
and that this is the reason induction motors are “asynchronous”, while PMAC motors are 
“synchronous.” (ebm-papst, No. 13 at p.1)  They stated that once the required user control 
interfaces and safety functions are considered, the cost of a variable frequency drive plus an 
asynchronous induction motor should be comparable to that of an electronically commutated 
synchronous permanent magnet motor. (ebm-papst, No. 13 at p. 2)  DOE notes that ebm-papst’s 
comments are accurate for large-diameter ceiling fans, which typically use electronic drives 
regardless of whether they are AC induction or PMAC motors; however, small-diameter ceiling 
fans typically rely on single-phase AC induction motors with physical switches (i.e., pull chains) 
for speed controls and do not use a variable frequency drive. 

Large-Diameter Ceiling Fans 

 Motors used in large-diameter ceiling fans have a higher horsepower (0.5-2 HP is typical) 
than motors used for small-diameter ceiling fans due to the greater torque required to turn the 
larger blades. Typically, these motors use an electronic drive system, since they are generally 
capable of receiving both single and three-phase power and a range of input voltages. In the May 
2021 RFI, DOE identified geared three-phase AC induction motors, Premium AC motors, and 
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both geared and gearless permanent magnet motors as potential technology options for large-
diameter ceiling fans. 86 FR 24538, 24541-2.  

DOE’s baseline large-diameter ceiling fans assume the use of three-phase AC induction 
motors. These motors typically use a gearbox to lower the rotational speed of the fan relative to 
the motor, while maintaining sufficient torque. AMCA commented that geared three-phase 
induction motors are commonly used in large-diameter ceiling fans. (AMCA, No. 9 at pp. 11, 19, 
22)  

Premium AC motors are AC-powered induction motors that qualify for the NEMA 
Premium® efficiency standard. They have a higher efficiency compared to the baseline three-
phase AC induction motors. BAF commented that premium induction motors are commonly 
offered on large-diameter ceiling fans. (BAF, No. 14 at p. 4) AMCA also commented that 
premium AC motors are commonly used on large-diameter ceiling fans, but they clarified that 
they may require inverter-rated insulation and bearings. (AMCA, No. 9 at pp. 11, 20) AMCA 
further commented that these motors are commonly used with a gearbox. (AMCA, No. 9 at pp. 
11, 20)  

Regarding geared permanent magnet motors, AMCA commented that there are no 
permanent magnet motors that utilize a gearbox. (AMCA, No. 9 at p. 11) They stated that 20 of 
the 37 large-diameter ceiling fan product lines in AMCA use permanent magnet motors, all of 
which are direct-drive. Id. While a manufacturer could, in theory, use a permanent magnet motor 
with a gearbox, it is not needed, as permanent magnet motors are able to produce higher torque 
at low speeds. A direct drive configuration is preferable from an efficiency point of view because 
the gearboxes in geared ceiling fans have drive losses (i.e., they do not transfer 100 percent of 
the motor power to the ceiling fan blades). A gearless ceiling fan motor configuration improves 
ceiling fan efficiency by avoiding the drive losses associated with a gearbox. Therefore, a 
gearbox would add cost and complexity, without added benefits. As such, DOE did not consider 
geared permanent magnet motors as a potential technology option.  

BAF and AMCA commented that gearless (i.e. direct drive), permanent magnet motors 
are commonly offered on large-diameter ceiling fans. (BAF, No. 14 at p. 4; AMCA, No. 9 at pp. 
11, 20) AMCA stated that permanent magnet direct drive motors are more efficient than 
induction motors and both types of motors require electronic drives. (AMCA, No. 9 at p. 11, 20) 
AMCA’s data indicated that 55% of large-diameter ceiling fans used geared motors, while 45% 
used permanent magnet direct drive motors, although these percentages are not representative of 
market share. (AMCA, No. 9 at p. 27) ebm-papst commented that electronic drive cost and repair 
frequency would be similar regardless of whether an AC induction motor or permanent magnet 
direct drive motor is used. (ebm-paspt, No. 12 at p. 2) 

Several types of permanent magnet direct-drive motors are currently used in industry, 
where the primary difference between them is their winding configuration. In this preliminary 
analysis, DOE uses permanent magnet direct-drive motors to include all of them motor. For more 
information on distinctions between motor types, see chapter 3 of the TSD.  
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2.4.3.2 More Efficient Blades 

Small-Diameter Ceiling Fans 

Ceiling fan blades can decrease a motor’s energy consumption by reducing drag and 
increasing air movement. For small diameter ceiling fans, blade aesthetic is typically a driving 
factor in consumer choice. The most common type of small-diameter ceiling fan blade is a flat 
blade shape. It is possible to increase the air movement of flat blade ceiling fans by increasing 
the blade pitch. However, this does not necessarily increase ceiling fan efficiency since it also 
increases the load on the ceiling fan motor.  

Hunter commented that there may be opportunities to improve efficiency with blade 
design, but it can be costly and certain blade designs do not appeal to certain consumers. 
(Hunter, No. 11 at p. 5) Hunter stated that DOE should not consider regulations that might 
discourage ceiling fan purchases, such as regulations that increase costs and limit aesthetics 
because ceiling fans allow consumers to decrease their HVAC energy usage. Id. Hunter added 
that motors, sensors and blade material do not directly affect airflow, but these factors are 
considered in the design to meet a range of consumer décor preferences and regulations should 
not limit consumer design choices. (Hunter No. 11 at p. 6)  

During manufacturer interviews, manufacturers identified various changes to blade 
shapes and blade materials that reduce drag and increase air displacement. However, 
manufacturers stated that the applications for these blade shapes were limited. Many consumers 
have a desired blade shape in mind when purchasing ceiling fans and do not want a significantly 
different ceiling fan blade shape or a more “modern” looking blade shape.  Further, a ceiling fan 
blade shape that moves more air is not by default more efficient. Manufacturers shared that 
certain blade shapes may increase airflow at an equivalent RPM, but because the increased 
airflow increases the motor load, the increase in CFM/W is notably less. Due to the large 
influence that ceiling fan blade shape has on consumer preferences, DOE did not consider more 
efficient blade options as a technology option for improving ceiling fan efficiency.  

In this preliminary analysis, DOE did analyze an efficiency level for which natural 
material palm blades are assumed to be replaced with common blade materials, such as plastic or 
wood. However, manufacturers observed that these natural material blades are uncommon in the 
market, as discussed further in section 2.6.2.1. DOE has not considered additional changes to 
blade material aside from potential elimination of natural materials that allow air to pass through 
the blade. Advanced blade options, such as airfoil blades, twisted blades, beveled blades, and 
blade attachments, were not considered for low-speed small-diameter fans.  

Large-Diameter Ceiling Fans 

DOE observed in its market research that large-diameter ceiling fans typically use large 
aluminum airfoil blades with far less variability between product design as compared to the 
small-diameter ceiling fan design.  

BAF commented that airfoil blades and blade attachments are commonly offered on 
large-diameter ceiling fans. (BAF, No. 14 at p. 4) BAF also commented that alternative blade 
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materials and twisted blades can be used to improve the efficiency of a ceiling fan, but these 
blades are not always safe enough for large-diameter ceiling fan applications, such as gyms and 
warehouses. Id. AMCA commented that most large-diameter ceiling fan models use airfoil 
blades, while a few use twisted, curved, or beveled blades. (AMCA, No. 9 at pp. 12, 20-21) They 
stated that twisted blades are more efficient than other blade shapes. (AMCA, No. 9 at pp. 12, 
20) AMCA added that most large-diameter ceiling fan blades are made of aluminum and have 
attachments, but there is no consensus on the benefit of blade attachments. (AMCA, No. 9 at 
p.12) AMCA also stated that curved and beveled blades were not applicable technology options 
for large-diameter ceiling fans because other blade types with better efficiencies are already 
commonly used. (AMCA, No. 9 at p. 22)  

In this preliminary analysis, DOE assumed that all large-diameter ceiling fans use 
aluminum airfoil blades. While AMCA and BAF stated that twisted blades and blade 
attachments may improve efficiency, DOE could not obtain sufficient data on the potential 
efficiency improvement associated with each. Further, BAF and AMCA identified potential 
safety concerns associated with twisted blades. (BAF, No. 14 at p. 4; AMCA, No. 9 at p. 22) 
Ultimately, DOE did not evaluate blade design as a technology option for large-diameter ceiling 
fans. 

2.4.3.3 Ceiling Fan Controls 

Ceiling fan energy use can be impacted by the hours it is actively used as well as any 
power used when in standby operation. Small-diameter ceiling fans have historically been 
controlled with either a three-speed pull chain or a remote control. A majority of AC motor fans 
rely on a pull-chain switch, which relies on consumers manually changing a switch to vary the 
current powering the single-phase AC induction motor. When the ceiling fan is in the off 
position, it is disconnected from electricity and therefore uses zero power in standby operation. 
When using a remote control with an AC motor ceiling fan, the remote receiver controls the 
mechanism for switching between on/off and ceiling fan speed. The receiver must be ready to 
receive a signal at all times and therefore consumes power when in standby operation.  

BLDC motors, by contrast, rely on an electronic controller and feedback loop to control 
ceiling fan speed and on/off status. Similar to AC motors with remote controls, BLDC motor 
controllers must constantly be ready to receive a signal and therefore consume power in standby 
operation. A limited number of BLDC motors with pull-chain controls are on the market; 
however, the pull-chain changes the signal to an electronic controller and not a physical switch. 
Therefore, even BLDC motors with pull-chain controls consume power in standby operation. 

In response to the May 2021 RFI, Hunter commented that ceiling fans with remotes 
represent a small percentage of the residential ceiling fan market. (Hunter, No. 11 at p. 3) ALA 
commented that remote controls are used in a small, but growing, percentage of the market and 
DOE should not assume number of units are a proxy for market share. (ALA, No. 8 at p. 2) MEP 
added that wireless remotes in the residential market are typically associated with higher 
efficiency ceiling fans (i.e., ENERGY STAR®); wireless remotes associated  are more of a niche 
market. (MEP, No. 6 at p. 3, 8) MEP added that commercial and industrial buildings can 
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implement smart technology through Building Management Systems by incorporating relay into 
the electrical circuit of ceiling fans. (MEP, No. 6 at p. 4) 

In this preliminary analysis, DOE relied on aggregated confidential manufacturer data 
supplemented with additional data sources to estimate the distribution of ceiling fans that 
consume standby power. This distribution is described in more detail in section 2.8. DOE notes 
that the CFM/W metric incorporates standby power into its combined metric. In the engineering 
analysis, DOE assumed that baseline ceiling fans with AC motors use zero standby power, while 
all BLDC motor fans use standby power. This is described in more detail in section 2.6.2.1. In 
the energy use analysis, DOE applied standby power to the proportion of the market that 
consumes standby power, as described in section 2.8. 

DOE has observed that some manufacturers of residential ceiling fans are offering smart 
control technologies. These technologies are different than controlling a ceiling fan through a 
smart phone or other internet connected devices. Instead, smart control technologies offer fully 
automatic controls that can adjust ceiling fan operation in response to home temperatures, room 
occupancy, etc. with no manual input. DOE notes that under the existing test procedure any 
smart technology that consumes additional standby power would reduce the CFM/W of the 
ceiling fan. In the May 2021 RFI, DOE request comment on whether smart technology could 
impact the certified CFM/W and operating hours and additionally sought comment and data as to 
how DOE should analyze these technologies. 86 FR 24538, 24540  

Numerous stakeholders noted that the current DOE metric penalizes smart technologies 
because they use power without increasing airflow. (AMCA, No. 9 at p. 9, 13; ALA, No. 8 at p. 
2; BAF, No. 14 at p. 3) CBE commented that occupancy sensing, as an example of a smart 
technology, incurs a small standby power penalty, which essentially makes a fan with an 
occupancy sensor appear less efficient under the current test standard. (CBE, No. 7 at p. 4) 
Hunter commented that standby power does not improve efficiency in active mode but, if 
properly designed, can lower the overall energy use in a home or building. (Hunter, No. 11 at p. 
3) As such, Hunter suggested standby power associated with smart technology should be 
included in a product’s “active” mode. Id. 

DOE’s test procedure currently states that when testing a ceiling fan, both in standby 
mode and active mode, if applicable, any ceiling fan heater and light kit are to be installed, but 
not energized during the power consumption measurement. (See Section 3.3.1 and section 3.5.1 
of Appendix U). In the December 2021 TP SNOPR, DOE proposed to amend that language to 
apply more broadly to any additional accessories or features and clarified that any accessories or 
features that do not relate to the ceiling fan’s ability to create airflow via the rotation of the fan 
blades must be either turned off or set to the lowest energy-consuming mode during testing. This 
would include smart technology. 86 FR 69544, 69557.  

In the May 2021 RFI, DOE requested data on the comparative energy use of fans with 
and without smart technology. 86 FR 24538, 24540. DOE did not receive any specific data on 
standby power usage for small-diameter ceiling fans. During manufacturer interviews, 
manufacturers stated that the primary smart technology manufacturers were implementing into 
products were Wi-Fi and other smart receivers, which would have their standby power measured 
according to Appendix U and incorporated in the CFM/W metric. However, manufacturers noted 
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that the power consumption associated with Wi-Fi or other smart receivers tends to be nearly 
equivalent to the power consumption of other remote control receivers. In this preliminary 
analysis, DOE assumes that ceiling fans incorporating smart technology consume identical 
power to ceiling fans using remote controls.   

Many stakeholders observed that the DOE test procedure does not provide a credit for 
ways that smart technology might reduce overall energy use. (AMCA, No. 9 at p. 9, 13; ALA, 
No. 8 at p. 2; BAF, No. 14 at p. 3; CBE, No. 7 at p. 4; Hunter, No. 11 at p. 3) ALA and CBE 
recommended that DOE include a credit for products with smart technologies to account for the 
additional energy savings from smart technologies which the test metric does not take into 
account. (ALA, No. 8 at p. 2;  CBE, No. 7 at p. 4)  

Regarding stakeholders proposed credit for smart technologies, DOE notes that smart 
technologies are currently incorporated into higher-end products that easily exceed energy 
conservation standards. ALA agreed with this assessment, stating that smart technologies are still 
viewed as a luxury, but products with smart technologies are becoming increasingly common. 
(ALA, No. 8 at p. 2) MEP added that future “Smart Technologies” are difficult to predict, and 
the test procedure waiver process will allow for potential changes to accommodate future smart 
technologies. (MEP, No. 6 at p. 4) 

CBE provided a draft of a recently completed field study and commented that there are 
significant first-cost savings possible by incorporating the controls and sensors onto the fan 
instead of integrating with a building automation system.6 (CBE, No. 7 at pp. 2-4) CBE stated 
that the energy savings in the field may have been less if automated controls and sensors had not 
been built onto the fan. (CBE, No. 7 at p. 2) CBE further commented that improving the utility of 
ceiling fans (for example, with smart technology) to drive consumer adoption of this energy 
efficient strategy may be equally or possibly more relevant than improving the energy efficiency 
of the fan itself. (CBE, No. 7 at p. 2) CBE additionally stated that their field study confirmed that 
occupancy sensing for fan control provides direct energy savings. (CBE, No. 7 at p. 4) 

While the draft study cited by CBE demonstrates potential energy savings associated with 
integrating various smart controls with ceiling fans, it is unclear the extent to which consumers 
use these automated smart controls to reduce energy use. The authors of the study observe that 
“After the physical installation of the fans the research team ran into multiple challenges with 
getting the fans and thermostats connected to internet networks.”6 The study expanded that 
“connection issues were largely resolved in community spaces with the addition of separate 
wireless routers and using separate network connections to get all fans up and running. However, 
post-installation, some of the occupants of the demonstration residential units experienced 
problem connecting their personal devices to their existing wireless networks, which were shared 
with the new fans and thermostats.”6 While these issues were eventually overcome in the field 
study, it is uncertain whether typical consumers would invest the effort to resolve all 
connectivity issues to fully realize the potential benefits of automated controls. 

In this preliminary analysis, DOE has not included any potential operating hour savings 
associated with smart technologies.  
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2.5 SCREENING ANALYSIS  

The screening analysis (chapter 4 of the TSD) examines various technologies as to:  

(i) Technological feasibility. Technologies incorporated in commercial products or in 
working prototypes will be considered technologically feasible.  

(ii) Practicability to manufacture, install and service. If mass production of a technology 
under consideration for use in commercially available products (or equipment) and reliable 
installation and servicing of the technology could be achieved on the scale necessary to serve the 
relevant market at the time of the effective date of the standard, then that technology will be 
considered practicable to manufacture, install and service.  

(iii) Adverse Impacts on Product Utility or Product Availability.  

(iv) Adverse Impacts on Health or Safety.  

(v) Unique-Pathway Proprietary Technologies. If a design option utilizes proprietary 
technology that represents a unique pathway to achieving a given efficiency level, that 
technology will not be considered further.  

10 CFR part 430 subpart C appendix A section 6(b)(3).  

As described in section 2.4.3, DOE develops an initial list of efficiency-enhancement 
options from the technologies identified as technologically feasible in the technology assessment. 
Then DOE reviews the list to determine if these options are practicable to manufacture, install, 
and service, would adversely affect equipment utility or availability, would have adverse impacts 
on health and safety or require unique-pathway proprietary technologies. In addition, DOE 
removed from the list technology options that lack energy consumption data as well as 
technology options whose energy consumption could not be adequately measured by existing 
DOE test procedures. In the engineering analysis, DOE further considers efficiency enhancement 
options that it did not screen out in the screening analysis. 

2.5.1 Technology Options Screened Out 

In the market and technology assessment (chapter 3 of the TSD), DOE developed an 
initial list of technologies expected to have the potential to improve the energy efficiency of 
ceiling fans. In the screening analysis, DOE screened out technologies based on the criteria 
discussed above. In the May 2021 RFI, DOE requested comment on the screening criteria it 
applied and how the criteria relate to the various options included in the technology assessment 
section above. 86 FR 24538, 24543.  

DOE notes that many of the technologies screened-out apply to both small-diameter and 
large-diameter ceiling fans, therefore DOE refers to the technologies generally and notes when a 
discussion is specific to small-diameter or large-diameter ceiling fans only.  
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MEP, ALA and BAF commented that DOE should maintain the screened-out 
technologies from the January 2017 Final Rule. (MEP, No. 6 at p. 4; ALA, No. 8 at p. 2-3; BAF, 
No. 14 at p. 4)  ALA also suggested that there were no new technology options to include in its 
analysis. ( ALA, No. 8 at p. 2) Hunter and ALA noted that three-phase induction motors are not 
relevant for the standard and hugger product classes of small-diameter ceiling fans. (Hunter, No. 
11 at p. 5; ALA, No. 8 at p. 3) 

 Hunter asserted that future improvements in residential ceiling fan efficiency are through 
system operation (i.e., interaction between ceiling fans and HVAC systems) because AC motors 
are essentially optimized, especially in terms of tip speed limitations. (Hunter No. 11 at p. 5) 
CBE, similarly, commented that its recent field study demonstrated that there can be substantial 
HVAC savings by using sensors to provide cooling via increased ceiling fan speeds instead of 
lower air conditioning temperature set points. (CBE, No. 7 at pp. 1-2) 

2.5.1.1 Wind and Temperature Sensors 

Occupancy, wind, and temperature sensors represent one opportunity to capture these 
potential system wide energy savings. DOE has previously acknowledged that these sensors have 
the potential to save energy by reducing operating hours. 82 FR 6826, 6839. DOE’s analysis of 
the market indicates that these features are rarely incorporated into small-diameter ceiling fans. 
In manufacturer interviews, most manufacturers speculated that these sensors are unlikely to be 
included in the ceiling fan themselves. Rather, these sensors may be either integrated into a smart 
home assistant or as a separate in-room sensor that communicates with a smart home assistant or 
other control system. These control systems then communicate directly with the ceiling fan 
(either via Wi-Fi, Zigbee, Bluetooth, etc.), turning them on/off or increasing/decreasing speed 
depending on the relevant sensor readings.  

From the perspective of the DOE test procedure, these sensors are generally expected to 
be separate from the ceiling fan and therefore do not represent an opportunity to increase ceiling 
fan efficiency. From an overall energy use perspective, it is unclear whether these sensors would 
decrease operating hours and operating speeds if they are able to turn off when a room is empty 
or if they would increase operating hours and operating speeds to provide cooling at higher air 
conditioning set points. For this preliminary analysis, DOE screened out additional sensors 
because DOE does not have sufficient data supporting their energy savings potential, 
technological feasibility and impact on consumer utility.   

For large-diameter ceiling fans, BAF commented that temperature and occupancy sensors 
are commonly offered on large-diameter ceiling fans. (BAF, No. 14 at p. 4) AMCA commented 
that large-diameter ceiling fans often use temperature sensors, while occupancy sensors are 
uncommon. (AMCA, No. 9 at pp. 12-13, 21)  

DOE notes that the energy consumption in active mode for temperature and occupancy 
sensors is insignificant for large-diameter ceiling fans, relative to the energy used to generate 
airflow. Further, as mentioned in section 2.6.2.3, DOE does not currently regulate the efficiency 
of large-diameter ceiling fans in standby mode. Therefore, DOE has also screened out 
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temperature and occupancy sensors as a means for improving the efficiency of large-diameter 
ceiling fans.  

2.5.1.2 Large-Diameter Ceiling Fan Blade Design 

As discussed in section 2.4.3.2 regarding large-diameter ceiling fans, AMCA 
recommended that DOE consider safety when analyzing alternative blade design options (i.e., 
ensuring that blades cannot become detached from the fan) and screen out alternative blade 
materials. (AMCA, No. 9 at pp. 22-23) AMCA further commented that twisted blades should be 
screened out because of the challenges associated with manufacturing and installing them. 
(AMCA, No. 9 at p. 23) BAF stated that alternative blade materials and twisted blades may 
increase large-diameter ceiling fan efficiency, but reiterated AMCA’s concerns that these blades 
may not consistently meet the safety criteria for all applications. (BAF, No. 14 at p. 4) AMCA 
stated that there was no consensus on the benefits of blade attachments. (AMCA, No. 9 at p.  20) 
DOE received no comments suggesting that changes to large-diameter ceiling fan blade design 
should be included in DOE’s analysis; therefore, twisted blades, blade attachments, and 
alternative blade materials were screening out for this preliminary analysis.  

2.5.1.3 Brushed DC Motors 

DOE requested comment on potential new technology options in the May 2021 RFI that 
were not identified in the January 2017 Final Rule and identified brushed DC (i.e., mechanically 
commutated) motors as one possible technology option. 86 FR 24538, 24543. MEP,  and ALA 
all commented that brushed DC motors should be screened out, stating that they produce ozone 
and require significantly more maintenance as the brushes wear out which eliminates possible 
savings. (MEP, No. 6 at p. 1; MEP, No. 6 at pp. 5-6;  ALA, No. 8 at p. 2) BAF commented that 
brushed DC motors should be screened out because they can potentially produce ozone and 
ceiling fans operate for extended periods of time in relatively close proximity to building 
occupants. (BAF, No. 14 at p. 3) AMCA commented that they were unaware of any instances of 
brushed DC motors beings used in large-diameter ceiling fans. (AMCA, No. 9 at p. 23) ebm-
papst commented that brushed motors are not paired with electronics and are not suitable for 
ceiling fans. (ebm-papst, No. 13 at p. 2) AMCA commented that large-diameter ceiling fans 
typically use AC permanent magnet brushless motors because brushed DC motors require more 
maintenance and can produce ozone. (AMCA, No. 9 at p. 13) While brushed DC motors may 
offer slightly improved efficiencies when compared to AC motors, DOE has screened them out 
due because they are impractical service and because they may have potential adverse impacts on 
consumer health and safety.  

2.5.1.4 Screened-Out Technologies 

The list of remaining technologies becomes one of the key inputs to the engineering 
analysis (discussed subsequently). For the reasons explained, DOE screened out the following 
technologies, listed in Table 2.5.1. Additional details on each screened-out technology option can 
be found in chapter 4 of the TSD. 
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Table 2.5.1 Screened out Technology Options 
Technology Screening Criteria 

Three-phase induction motors (For small-diameter 
ceiling fans) Technological feasibility 

Blade Shape (for small-diameter fans) Adverse impact on product utility 

Twisted Blades Adverse impact on product utility; Adverse 
impact on health and safety;  

Blade attachments Adverse impact on product utility; 
Technological feasibility 

Alternative Blade Materials (for large-diameter 
ceiling fans) Adverse impact on health and safety; 

Occupancy, wind, and temperature sensors Adverse impact on product utility 

Brushed DC Motors Practicability to manufacture, install and 
service; Adverse impact on health and safety.  

2.5.2 Technology Options Considered Further in Analysis 

After screening out technologies in accordance with the provisions set forth in 10 CFR 
part 430, subpart C, appendix A, (6)(c)(3) and (7)(b), as referenced by 10 CFR 431.4, DOE 
considers using higher efficiency motors as the primary method for improving ceiling fan 
efficiency in this preliminary analysis. The market and technology assessment (chapter 3 of the 
TSD) provides a detailed description of these design options. These design options will be 
considered by DOE in the engineering analysis and are listed in chapter 5 of the TSD. 

For more details on how DOE developed the technology options and the process for 
screening these options and the design options that DOE is considering, see the market and 
technology assessment (chapter 3 of the TSD) and the screening analysis (chapter 4 of the TSD). 

2.6 ENGINEERING ANALYSIS 

The purpose of the engineering analysis (chapter 5 of the TSD) is to establish the 
relationship between the efficiency and cost of ceiling fans. There are two elements to consider 
in the engineering analysis; the selection of efficiency levels to analyze (i.e., the “efficiency 
analysis”) and the determination of product cost at each efficiency level (i.e., the “cost 
analysis”). In determining the performance of higher-efficiency equipment, DOE considers 
technologies and design option combinations not eliminated by the screening analysis. For the 
analyzed equipment class, DOE estimates the baseline cost, as well as the incremental cost for 
the equipment at efficiency levels above the baseline. The output of the engineering analysis is a 
set of cost-efficiency “curves” that are used in downstream analyses. 

 Chapter 5 discusses the equipment classes DOE analyzed, the representative baseline 
units, the incremental efficiency levels, the methodology DOE used to develop the 
manufacturing production costs, the cost-efficiency relationship, and the impact of efficiency 
improvements on the considered equipment.  
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2.6.1 Representative Units Analyzed 

Ceiling fans are sold with a range of diameters or blade spans. It would be impractical for 
DOE to conduct a detailed engineering analysis on every possible blade span, therefore, DOE 
selected representative diameters for each ceiling fan product class to use as the basis for its 
engineering analysis. In the May 2021 RFI, DOE requested comment on maintaining the 
representative units, specifically the representative diameters, that were used during the January 
2017 Final Rule. DOE requested comment on if there were situations where a technology option 
may not be feasible above a certain diameter. 86 FR 24538, 24543. 

MEP supported maintaining DOE’s existing representative diameters. (MEP, No. 6 at p. 
7) Hunter and ALA commented that they had no issue with the current blade spans, but could be 
improved by adding a 30 to36-inch and a 60 to 66-inch standard fan and a 30 to 36-inch and 72-
inch hugger fan. (Hunter, No. 11 at p. 6; ALA, No. 8 at p. 3) 

DOE requested further comment on the representative diameters in interviews with 
manufacturers. The majority of manufacturers thought that the representative diameters used 
during the January 2017 Final Rule remained sufficiently representative for standard, hugger, 
and VSD fans and account for the vast majority of shipments. Some manufacturers agreed that 
adding a 30 to 36-inch representative unit could have value, but stated that they did not expect a 
significantly different cost-efficiency curve at that blade span. Manufacturers explained that 
ceiling fans with blade spans above 60 inches often use BLDC motors, not because they are 
needed to meet the efficiency standard, but because they are targeting a higher price point and 
BLDC motors allow for greater torque that provides higher airflow. Data provided by 
manufacturers indicated that the current representative diameters encompassed the majority of 
standard, hugger, and VSD shipments and manufacturers did not provide any data suggesting a 
significantly different cost efficiency curve at alternative blade spans. Therefore, DOE 
maintained the representative diameters for standard, hugger and VSD units. These 
representative diameters are shown in Table 2.6.1.  

DOE requests comment and data regarding whether an additional representative unit is 

needed for standard and hugger fans. Specifically, DOE requests data regarding why the 

developed cost efficiency curve would not be representative of the additional blade spans.  
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Table 2.6.1  Small-Diameter Representative Ceiling Fan Blade Spans used in the 
Preliminary Analysis 

Product Class Representative Unit Sizes 
(Blade Span) 

VSD 13-inch 
16-inch 

Standard 44-inch 
52-inch 

 60-inch 

Hugger 44-inch 
52-inch 

 

Regarding HSSD fans, manufacturers noted that when the energy conservation standards 
prescribed in the January 2017 Final Rule went into effect, the majority of HSSD fans were 
removed from the marketplace. Manufacturers stated that traditionally these HSSD fans were 
inefficient, designed to be inexpensive and used in industrial applications. The January 2017 
Final Rule set energy conservation standards for these fans to max-tech which removed many of 
these fans from the market. 82 FR 6826, 6880. The limited number of HSSD fans that remain on 
the market tend to be more expensive, often times used in high-end commercial or residential 
settings. They also tend to use BLDC motors and have efficient blade designs. Manufacturers did 
not identify any additional technology options for improving the efficiency of HSSD fans. 
Therefore, DOE did not evaluate higher efficiency standards for HSSD fans in this preliminary 
analysis.  

Regarding large-diameter ceiling fans, AMCA suggested replacing the 20-foot 
representative blade span with a 24-foot unit. (AMCA, No. 9 at p. 24) In interviews with 
manufacturers, manufacturers generally agreed that the 24-foot unit was more common than the 
20-foot unit. However, manufacturers stated that unless the 24-foot unit was using a different 
sized motor, the difference in cost is expected to be the cost of a few feet of aluminum. 
Therefore, manufacturers felt that either the 24-foot or the 20-foot fan was sufficiently 
representative.  

DOE requests comment on the differences in CFEI and ceiling fan costs between 20-foot 

and 24-foot ceiling fans. Specifically, DOE requests feedback regarding any reasons why a 20-

foot ceiling fan cost-efficiency curve would not be representative of a 24-foot ceiling fan cost-

efficiency curve.  

As described in section 2.4.1.1, manufacturers also encouraged DOE to evaluate whether 
large-diameter ceiling fans may justify separation into high-airflow and low-airflow product 
classes. In the preliminary analysis, DOE analyzed high-airflow and low-airflow representative 
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units for large-diameter ceiling fans. The airflow associated with each representative unit is 
discussed in greater detail in chapter 5. 

  
Table 2.6.2  Large-Diameter Ceiling Fan Representative Blade Spans used in the 

Preliminary Analysis 

Product Class Representative Unit Sizes 
(Blade Span) 

Large-Diameter Ceiling Fan (high-
airflow) 

8-foot 
12-foot 
20-foot 

Large-Diameter Ceiling Fan (low-
airflow) 

8-foot 
12-foot 
20-foot 

2.6.2 Efficiency Analysis 

DOE typically uses one of two approaches to develop energy efficiency levels for the 
engineering analysis: (1) relying on observed efficiency levels in the market (i.e., the efficiency-
level approach), or (2) determining the incremental efficiency improvements associated with 
incorporating specific design options to a baseline model (i.e., the design-option approach). 
Using the efficiency-level approach, the efficiency levels established for the analysis are 
determined based on the market distribution of existing products (in other words, based on the 
range of efficiencies and efficiency level “clusters” that already exist on the market). Using the 
design option approach, the efficiency levels established for the analysis are determined through 
detailed engineering calculations and/or computer simulations of the efficiency improvements 
from implementing specific design options that have been identified in the technology 
assessment. DOE may also rely on a combination of these two approaches. For example, the 
efficiency-level approach (based on actual products on the market) may be extended using the 
design option approach to interpolate to define “gap fill” levels (to bridge large gaps between 
other identified efficiency levels) and/or to extrapolate to the max-tech level (particularly in 
cases where the max-tech level exceeds the maximum efficiency level currently available on the 
market). 

To perform the engineering analysis, DOE generally selects a baseline model as a 
reference point for each representative unit, and measures changes resulting from potential 
energy conservation standards against the baseline. The baseline model for each representative 
unit represents the characteristics of common or typical products in that class. Generally, a 
baseline model is one that just meets current energy conservation standards and provides basic 
consumer utility. In the May 2021 RFI, DOE requested feedback on whether using the current 
established energy conservation standards, found at 10 CFR 430.32(s), represented an 
appropriate baseline efficiency level against which to measure potential amended standards. 86 
FR 24538, 24543. A summary of the efficiency levels used in the preliminary analysis are shown 
in Table 2.6.3 and are described below in more detail.  
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Table 2.6.3  Summary of Efficiency Levels used in the Preliminary Analysis 
Standard and Hugger Ceiling Fans 

Efficiency 
Level Description 

EL0 Baseline 
EL1 10 percent reduction in power consumption 
EL2 20 percent reduction in power consumption 
EL3 ENERGY STAR® Level 
EL4 BLDC Motor – Flat Blades 

Very-Small Diameter Ceiling Fans 

Efficiency 
Level Description 

EL0 Current Energy Conservation Standards 
EL1 BLDC motors 

Large-Diameter Ceiling Fans 

Efficiency 
Level Description 

EL0 Current Energy Conservation Standards – Three-phased geared induction 
motor 

EL1 Three-phased geared premium induction motor 
EL2 Permanent magnet direct drive motor 

 

2.6.2.1 Small-Diameter Ceiling Fans 

Regarding small-diameter ceiling fans, MEP and Hunter supported using the current 
standards as the baseline efficiency. (MEP No. 6 at p. 7; Hunter, No. 11 at p. 6) No comments 
were received recommending an alternative baseline; therefore, DOE established a baseline 
efficiency level for the standard, hugger, and VSD product classes at the market minimum 
CFM/W prescribed by the energy conservation standards at 10 CFR 430.32(s) for each 
representative diameter.  

NRDC et al. commented that DOE should look into amended standards for ceiling fans 
given the wide range of efficiency levels, possible energy savings, and number of basic models 
sold that exceed the minimum efficiency standards. (NRDC et al., No. 10 at p. 1) MEP 
commented that insufficient time has passed since the last rulemaking to identify any significant 
changes. (MEP, No. 6 at p. 9) 

CBE discussed that the CFM/W metric does not compare energy consumption at the 
same airflow and to fairly compare similar diameter ceiling fans, DOE should compare them at 
the same airflow. (CBE, No. 7 at p. 2) In order to compare ceiling fans of the same utility, DOE 
relied on market data to identify typical airflows for minimally compliant ceiling fans at each 
representative diameter at both low and high speeds. DOE maintained a constant airflow when 
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evaluating the energy use between the baseline efficiency and any higher efficiency levels. The 
baseline airflow for each unit and the methodology for determining this airflow is described in 
chapter 5 of the TSD.  

With the baseline established, DOE evaluated functionally similar units, providing the 
same quantity of airflow, at higher efficiency levels within each product class. These higher-
efficiency units are selected to, as much as possible, maintain the important attributes of the 
baseline unit and vary mostly in cost and efficiency. By subtracting the cost of a higher-
efficiency unit from the cost of a baseline unit, DOE estimates the incremental purchase to 
increase the efficiency of a ceiling fan.  

Hunter and ALA commented that high efficiency levels would not be economically 
justified for standard fans; however, there may be room to increase hugger fan standards. (Hunter 
No. 11 at p. 6; ALA, No. 8 at p. 3)  

In this preliminary analysis, DOE evaluated baseline hugger ceiling fans at the current 
energy conservation standards and at the typical hugger ceiling fan airflow. However, DOE 
observed that, at typical airflow, most hugger ceiling fans have efficiencies higher than the 
market minimum. The hugger fans on the market that are at the market-minimum CFM/W 
typically have notably lower airflow values. In section 2.4.1.1, DOE acknowledged that hugger 
ceiling fans that are very close to the ceiling could be impacted by the air choking effect. In 
interviews, manufacturers stated that they could increase the efficiency by increasing the 
distance between the ceiling and the fan blades to reduce the air choking effect. Several 
manufacturers stated that they did this with certain models that had efficiencies below those 
prescribed in the January 2017 Final Rule (82 FR 6826).  

DOE is concerned that increases in the CFM/W for hugger ceiling fans would be met by 
moving the hugger ceiling fan blades further from the ceiling to increase ceiling fan airflow but 
leaving power consumption unchanged. While greater airflow may be preferable to some 
consumers, other consumers may enjoy the aesthetic of ceiling fan blades very close to the 
ceiling.    

DOE requests comment and data on the impact of the air choking effect on hugger ceiling 

fans, specifically the reduction in airflow with distance between the ceiling fan blades and the 

ceiling. DOE further requests comment regarding how DOE should account for hugger ceiling 

fans with varying distances from the ceiling.  

DOE evaluated the market efficiency distributions for standard, hugger, and VSD fans, 
relying on a combination of the CEC Modern Appliance Efficiency Database System, ENERGY 
STAR® Certified Ceiling Fans Database, and manufacturer literature, as described in section 
2.4.2.1.  
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Regarding VSD fans, there were significantly fewer products on the market than standard 
and hugger fans. Manufacturers identified them as representing less than 1 percent of the total 
market. Because of the small number of fans on the market, DOE could not identify any 
technology options to improve the efficiency of VSD fans without going to max-tech, without 
potentially limiting additional features, such as the ability to use a remote control which 
consumes standby-power.   

Regarding hugger and standard ceiling fans, DOE observed that there were numerous 
ceiling fans on the market that exceeded the minimum efficiency standards without transitioning 
to BLDC motors. 

During interviews, manufacturers stated that ceiling fans with efficiencies below those 
prescribed in the January 2017 Final Rule (82 FR 6826) were either discontinued or redesigned 
using a combination of optimizing blade designs, blade pitch, and motor rpm. In certain cases, 
manufacturers transitioned to a larger sized motor which required redesigning the motor housing 
if there was insufficient room to account for the increased motor size. Manufacturers stressed 
that the aesthetics and price point of the ceiling fan are the driving factors, provided the ceiling 
fan meets a consumer’s threshold for air movement and sufficient lighting (in cases where a 
ceiling fan light-kit is included).  

Manufacturers stated in interviews that to meet higher efficiency levels, short of a 
transition to BLDC motors, they would likely modify their blade shape or blade materials to try 
to achieve greater efficiencies. However, manufacturers emphasized that certain blade shape are 
subject to intellectual property constraints, so all blade shape are not available to all 
manufacturers. Further, manufacturers reiterated that blade shape is a driving factor for consumer 
aesthetic appeal and different consumers like the look of different blade shapes. In certain cases, 
manufacturers stated that they may have to use larger motors to increase the efficiency of a 
ceiling fan without going to BLDC motors, which may require a redesign of the fan or fan 
housing to accommodate a larger motor.  

In order to account for the variety of different design choices a manufacturer may take to 
improve the efficiency of AC motors, DOE relied on the efficiency level approach to evaluate 
higher efficiency levels associated with a 10 percent reduction in power usage and 20 percent 
reduction in power usage.  

In the January 2017 Final Rule, DOE set the max-tech efficiency level assuming that 
manufacturers would implement BLDC motors in all small-diameter ceiling fans. 82 FR 6826, 
6841 In the May 2021 RFI, DOE noted that many manufacturers have efficiencies well beyond 
the “max-tech” level presented in the January 2017 Final Rule. 86 FR 24538, 24542  

ALA commented that DOE should not change the max-tech levels and reported values 
that exceed max-tech are likely typos. (ALA, No. 8 at p. 2) AMCA and BAF explained that they 
found 34 small-diameter ceiling fans listed in public databases as having efficiencies of several 
thousand CFM/W, which is likely the result of manufacturers listing their average airflow and 
not their efficiency. (BAF, No. 14 at p. 4; AMCA, No. 9 at p. 17-18) 
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DOE analyzed the values in the public databases that vastly exceed the max-tech values 
and agrees with AMCA and BAF that manufacturers likely listed their airflow instead of their 
CFM/W. DOE excluded these outliers in its evaluation of the market. Separate from these 
outliers, there are numerous ceiling fans that significantly exceed the max-tech values listed in 
the January 2017 Final Rule. DOE stated in the January 2017 Final Rule that “when setting the 
max-tech [efficiency level] for the standard and hugger ceiling fan product classes, DOE set it at 
the max-tech efficiency for unconventional-blade fans because this ensures that even at max-
tech, all types of ceiling fans, including designs with unconventional blades [natural material, 
palm leaf shaped blades], can achieve this level of efficiency.” 82 FR 6826, 6841. DOE 
previously evaluated its max-tech efficiency levels by assuming that unconventional blade fans 
make up 2 percent of the market and flat blade fans are 98 percent of the market.  

In interviews, manufacturers state that inefficient, unconventional blade fans typically 
refer to a natural material, palm leaf shaped fan that allows some air to pass through the blade 
(i.e., it does not contribute toward the total air movement of the ceiling fan). Manufacturers 
observed that natural material fan blades are less popular now than they were several years ago. 
Further, several manufacturers stated that for those fan models that have palm-shaped or other 
unconventional shaped blades, they use a plastic or carved wood blade that is as efficient as a flat 
blade. Manufacturers estimated that all unconventional, palm shaped fans make up far less than 2 
percent of the market. Further, the inefficient, natural material palm blade fans make up a 
negligible percentage of sales.  

To account for this distinction between inefficient, natural material palm blade fans and 
common material palm blade fans that do not reduce efficiency, DOE included two efficiency 
levels that assumed BLDC motors. EL3 was aligned with the ENERGY STAR® levels, 
corresponding to the max-tech of the previous rulemaking. EL4 was established to be the max-
tech for flat-blade ceiling fans and assumes that manufacturers of inefficient, natural material 
palm blade fans would have to change to a common blade materials. DOE notes that because 
common material palm blade fans are as efficient as flat blade fans, consumers who desire a 
palm blade ceiling fan would still be able to purchase one. Further, DOE notes that a 
manufacturer transitioning from a baseline, market-minimum flat blade fan with an AC motor to 
a BLDC motor would meet EL4. The only ceiling fans at EL3 would be natural material palm 
blade fans with BLDC motors.  

Manufacturers claimed that they were unable to achieve current ENERGY STAR® (EL3) 
levels without using a BLDC motor. Hunter commented that ENERGY STAR® currently 
requires BLDC motors currently. (Hunter, No. 11 at p. 4) DOE interprets this comment to imply 
that manufacturers cannot meet EL3 without transitioning to a BLDC motor. Therefore, the total 
power usage at EL3 and EL4 both assume that all ceiling fans are required to use BLDC motors 
and the total power usage of the two efficiency levels will be identical. The difference is that at 
EL3, a negligible percentage of the market (those fans using natural palm-blade ceiling fans) 
would meet standards at EL3, but not EL4. These fans are assumed to have similar power usage 
as max-tech ceiling fans, but lower airflow, due to the natural blade material allowing some 
quantity of air to pass through it.  

DOE established the power usage associated with transitioning to BLDC motors by 
analyzing the BLDC motor fans available in the product database. Many of the BLDC motor 
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fans use higher-performing blades that result in much higher efficiencies. Therefore, when 
evaluating the transition to BLDC motors, DOE used the minimum power usage of a BLDC 
motor fan to get an initial estimate of power consumption for a given airflow. DOE 
supplemented its estimate with additional estimates from manufacturer interviews to estimate the 
percent reduction in power usage at low speed and at high speed. The power usage assumed for 
each representative unit at each efficiency level and associated airflow is summarized in chapter 
5 of the TSD.  

In interviews, manufacturers stated that most AC motor fans do not include remotes and 
therefore do not use standby power. BLDC motor ceiling fans, as noted in section 2.4.3.3, 
require an electronic controller and therefore use standby power. Even in cases where a BLDC 
motor is controlled by a pull-chain, there is still an electronic switch that consumes standby 
power. Therefore, all efficiency levels that use AC motors were assumed to use no standby 
power and efficiency levels that use BLDC motors were assumed to use 0.7 watts (“W”) of 
standby power. DOE then calculated the CFM/W of the max-tech efficiency level. Standby 
power use for AC motor fans that use remotes is accounted for in the downstream analyses, as 
described in section 2.8. 

2.6.2.2 Large-Diameter Ceiling Fans 

As noted above, in the May 2021 RFI, DOE requested feedback on whether using the 
current established energy conservation standards, found at 10 CFR 430.32(s), represented an 
appropriate baseline efficiency level against which to measure potential amended standards for 
large-diameter ceiling fans. 86 FR 24538, 24543. BAF, AMCA, and Hunter commented that 
because of the recent transition from the CFM/W metric to the CFEI metric for large-diameter 
ceiling fans, and the lack of performance  data , there is currently insufficient data to support an 
increase in the energy conservation standard for large-diameter ceiling fans. (BAF, No. 14 at p. 
3; AMCA, No. 9 at p. 24; Hunter, No. 11 at p. 6) DOE did not receive comments suggesting an 
alternative baseline efficiency level and therefore relied on the current energy conservation 
standards as the baseline efficiency level for large-diameter ceiling fans.  

DOE evaluated the distribution of efficiencies available on the market using a 
combination of public and aggregated confidential data sources, as described in section 2.4.2.2. 
DOE found that many manufacturers use the same motor for a range of blade spans and that 
CFEI values vary depending on the motor size relative to the blade span. Further, low-airflow 
large-diameter ceiling fans tended to use smaller motors than high-airflow large-diameter ceiling 
fans.  

 As mentioned in section 2.4.1.1, DOE evaluated representative units for low-airflow and 
high-airflow applications separately. BAF provided cut-off values at each blade span for 
separating low-airflow ceiling fans from high-airflow ceiling fans. (BAF, No. 14 at p. 3) 
Representative units were modeled as having a maximum airflow at 15 percent above the cut-off 
values suggested by BAF for high-airflow applications, and 15 percent below the cut-off values 
suggested by BAF for low-airflow applications. These representative airflows were maintained 
when evaluating higher efficiency levels. DOE then calculated the airflow at 40 percent and 
wattage at 40 percent and 100 percent, assuming a baseline CFEI at high speed equal to 1 and a 
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baseline CFEI at 40 percent speed equal to 1.31. DOE assumed a cubic relationship between 
wattage and airflow to estimate the power usage at all other partial loads. DOE relied on these 
values as the baseline efficiency level power consumption against which higher energy 
conservation standards were evaluated. DOE observed that baseline CFEI values could be met 
using three-phase induction motors with standard geared drives.  

As described in section 2.4.3.1, DOE identified NEMA Premium® motors as one 
technology option to increase the efficiency of ceiling fans. DOE found that many NEMA 
premium AC motors on the market have higher CFEI values than those using standard induction 
motors. DOE established one efficiency level (EL1) using the typical CFEI values associated 
with NEMA Premium® motors. 

As described in section 2.4.3.1, many fans on the market currently utilize permanent 
magnet direct drive motors in their large-diameter ceiling fans, which eliminate the additional 
losses associated with the use of a gear box. In its analysis of the market, DOE observed a range 
of CFEI ratings associated with permanent magnet direct drive motors. In general, permanent 
magnet direct drive motors had higher CFEI values both for both low and high-speed large-
diameter ceiling fans when compared to geared motors. DOE further saw a relationship between 
the direct drive motor size and CFEI values at high speed and 40 percent speed, suggesting an 
opportunity for optimizing permanent magnet direct drive motor size to meet target airflow, as 
opposed to using the same motor size across a range of blade spans.  

In interviews, manufacturers stated that while the CFEI metric varies less with higher 
speed as compared to the CFM/W metric, it can still include some variation at higher-airflow and 
for larger airflow fans. To avoid limitations in total quantity of air moved, DOE averaged 
CFEI100 values of the largest diameter (20 foot and 24 foot) and highest airflow direct drive 
large-diameter ceiling fans in DOE’s dataset to establish an additional efficiency level (EL2), as 
the max-tech efficiency level. DOE’s process for establishing its max-tech efficiency levels, 
including identifying the CFEI40 and CFEI100 values for both low and high-airflow large-
diameter ceiling fans is described in greater detail in chapter 5 of the TSD. 

2.6.2.3 Large-Diameter Ceiling Fan Standby Power Standard 

In the May 2021 RFI, DOE discussed that the CFEI metric does not capture standby or 
off mode energy use and that DOE may need to develop a separate standby mode metric for 
large-diameter ceiling fans. 86 FR 24538, 24544. DOE requested comment on: (1) its assumption 
that 7 W was the average standby power for large-diameter ceiling fans, (2) technologies that 
increase or decrease standby power, and (3) impacts a standby energy consumption standard 
might have on operation and function of a large-diameter ceiling fan. Id. 

NRDC et al. supported DOE developing a separate standby metric for large-diameter 
ceiling fans. (NRDC et al., No. 10 a pp. 2-3) AMCA commented that the standby power for 
high- and low-airflow large-diameter ceiling fans at multiple diameters ranges from 3.6 W to 12 
W, with an average of 6.8 W. (AMCA, No. 9 at p. 25) BAF agreed with DOE’s estimate of 7 W 
of standby power for large-diameter ceiling fans. (BAF, No. 14 at p. 3) 
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Additionally, AMCA requested clarification on whether DOE was considering 7 W as an 
average standby power or an upper limit. (AMCA, No. 9 at p. 25) AMCA commented that 
establishing an upper limit at 7 W would limit the incorporation of smart technologies that 
reduce active-mode consumption. BAF reiterated AMCA’s concerns, suggesting that any energy 
conservation standard established for large-diameter ceiling fans should provide for smart 
technologies. (BAF, No. 14 at p. 3) BAF commented that if DOE regulates standby power for 
large-diameter ceiling fans, it should create regulation that allows for the implementation of 
smart technologies that reduce energy consumption. 

In manufacturer interviews, manufacturers commented that large-diameter ceiling fans 
tend to use more standby power than small-diameter ceiling fans because they have larger 
control components and large control screens. Further, large-diameter ceiling fans have more 
complicated controls and often include additional sensors that consume standby power, but may 
save energy during active mode operation.  

Manufacturers did not identify a convenient way to incorporate standby power into the 
CFEI metric, observing that standby power usage would be negligible relative to active mode 
power. Regarding technologies to reduce standby power, manufacturers stated in interviews that 
they would remove smart features in order to meet a standby power standard that permitted 
fewer watts than they are currently using.  

DOE has not identified technology options that would reduce large-diameter ceiling fan 
standby power without removing potential energy saving controls and features. Therefore, in this 
preliminary analysis DOE has not analyzed higher efficiency levels for a potential standby power 
energy conservation standard. In DOE’s downstream analyses, DOE maintained an average 
standby power value of 7 W.  

Regarding standby power standards for large-diameter ceiling fans, DOE is considering 
establishing a metric at the upper end of the range of standby power’s currently available on the 
market. This approach would set a reasonable upper limit for standby power without removing 
features that provide significant consumer utility. In DOE’s evaluation of the market, the highest 
observed standby power for large-diameter ceiling fans was 13 W.  

Alternatively, DOE is considering a credit-based approach which would permit large-
diameter ceiling fans that are more efficient in active mode to utilize more standby power in 
standby operation. One possible example could be a standby power efficiency standard which is 
equal to the average standby power usage multiplied by the ratio that the large diameter ceiling 
fan in active mode exceeds the active mode efficiency standard. Under this scenario, the average 
standby power usage is 7 W, and a fan that exceeds CFEI100 and CFEI40 by 20 percent, would 
have to meet a standby power standard of 7 W multiplied by 1.2 (ratio of CFEI100 to CFEI100 
standard) multiplied again by 1.2 (ratio of CFEI40 to CFEI40 standard) to equal a total standby 
power standard of 10 W.  
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DOE requests comment regarding any technology options that reduce standby power, and 

if so, by how much, for large-diameter ceiling fans without requiring manufacturers to remove 

features.  

DOE requests comment on the greatest standby power consumption on the market for 

large-diameter ceiling fans and why certain fans exceed the average standby power consumption. 

DOE requests comment on any potential future technologies that could increase standby 

power, and if so, by how much.  

DOE requests comment on a standby power efficiency standard that credits active mode 

performance, and whether such an approach is preferable to a single efficiency standard at the 

market maximum, and how such a standard should be designed. 

2.6.2.4  High-Speed Belt-Driven Ceiling Fans 

As mentioned in section 2.2.2, DOE proposed to include HSBD ceiling fans and LDBD 
ceiling fans within the scope of the test procedure. 86 FR 69544, 69552. DOE has conducted a 
preliminary engineering analysis to help determine whether energy conservation standards are 
justified for HSBD and LDBD ceiling fans. DOE reviewed manufacturer literature to obtain an 
initial estimate of HSBD and LDBD ceiling fan efficiency of products currently on the market. 
Some manufacturers advertise the maximum airflow and maximum wattage of their HSBD and 
LDBD ceiling fans; however, DOE notes that because these products are not currently subject to 
the DOE test procedure, it is not clear how these valuates were derived. Additionally, DOE 
found limited partial load data and therefore could not derive an initial estimate of partial load 
efficiency from manufacturer data.   

In this preliminary analysis, DOE has not analyzed technology options for improving the 
efficiency of belt-driven ceiling fans. DOE is planning to evaluate an energy conservation 
standard for HSBD and LDBD ceiling fans; however, DOE did not have sufficient data to 
establish a baseline efficiency level or higher efficiency levels for this preliminary analysis.  
DOE’s current understanding of HSBD and LDBD ceiling fan efficiency is discussed in further 
detail in chapter 5.  
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DOE requests data regarding the distribution of efficiencies for HSBD and LDBD ceiling 

fans and technology options for improving the efficiency of HSBDs and LDBDs 

2.6.3 Cost Analysis 

The cost analysis portion of the Engineering Analysis is conducted using one or a 
combination of cost approaches. The selection of cost approach depends on a suite of factors, 
including the availability and reliability of public information, characteristics of the regulated 
product, availability and timeliness of purchasing the equipment on the market. The cost 
approaches are summarized as follows: 

• Physical teardowns: Under this approach, DOE physically dismantles a 
commercially available product, component-by-component, to develop a detailed 
bill of materials for the product. 

• Catalog teardowns: In lieu of physically deconstructing a product, DOE identifies 
each component using parts diagrams (available from manufacturer websites or 
appliance repair websites, for example) to develop the bill of materials for the 
product.  

• Price surveys: If neither a physical nor catalog teardown is feasible (for example, 
for tightly integrated products such as fluorescent lamps, which are infeasible to 
disassemble and for which parts diagrams are unavailable) or cost-prohibitive and 
otherwise impractical (e.g., large commercial boilers), DOE conducts price 
surveys using publicly available pricing data published on major online retailer 
websites and/or by soliciting prices from distributors and other commercial 
channels.  

 In the May 2021 RFI, DOE requested comment on changes to ceiling fan market costs 
since the previous rulemaking. 86 FR 24538, 24544. MEP and ALA stated that supply chain 
impacts associated with the pandemic have increased component costs. (MEP, No. 6 at p. 8; 
ALA, No. 8 at p. 3) ALA further commented that DOE’s price decline was not realized and 
several factors such as the Covid-19 pandemic and increased tariffs have increased ceiling fan 
prices. (ALA, No. 8 at p. 3) Hunter commented that the cost to manufacture ceiling fans has 
increased since 2017 and continues to rise. (Hunter, No. 11 at p. 7) AMCA provided data 
showing how the cost of aluminum, steel, and labor have increased between 2017 and 2021, but 
stated that the cost of electronics and microchips used in smart technology have tended to 
decrease, with the exception of the recent, well documented, supply chain disruptions. (AMCA, 
No. 9 at p. 26) 

 DOE understands that uncertainties, particularly regarding pandemic-related supply chain 
issues, have led to increases in material prices. However, it is unclear how long these price 
increases will persist into the future. DOE relied on a 5-year price average, which will partially 
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account for some of the increased costs associated with pandemic and tariff related cost 
increases.  

2.6.3.1 Small-Diameter Ceiling Fans 

 In the preliminary analysis, DOE relied on a combination of physical and catalog 
teardowns to build a “bottom up” manufacturing cost assessment. For standard and hugger 
ceiling fans, DOE relied on physical and catalog teardowns to estimate the costs for all 
components of a baseline 44-inch ceiling fan. DOE used manufacturer literature to estimate the 
motor size of minimally compliant ceiling fans. Based on the minimal motor size, DOE 
estimated the motor housing cost and the ceiling fan mounting assembly costs. DOE assumed 
that hugger and standard ceiling fans of equivalent blade span used similar motors and that the 
primary difference in cost was the addition of a down-rod in standard ceiling fans.  

 As described in section 2.6.2.1, manufacturers described a variety of ways they would 
react in the presence of higher efficiency standards, short of going to BLDC motors. In the 
preliminary analysis, DOE assumed manufacturers would not want to change their baseline blade 
design and therefore modeled EL1 and EL2 by using larger single-phase AC induction motors. 
DOE assumed that the motor housing cost and ceiling fan mounting assembly costs would also 
increase with a larger motor and scaled costs based on the increase in motor weight. The motor 
sizes used at each EL for each representative unit are provided in chapter 5.  

 In scaling the cost analysis to larger blade spans, DOE assumed the shipping material 
costs and blade material costs would scale proportionally with blade span. DOE assumed larger 
motor sizes would be needed at larger blade spans and relied on manufacturer literature to 
estimate motor size at various blade spans.  

 For VSD fans, DOE relied on physical and catalog teardowns to estimate the costs of all 
of the components of a baseline 13-inch ceiling fan. DOE used manufacturer literature to 
estimate the motor size of minimally compliant ceiling fans. DOE scaled the blade material costs 
and fan cage costs proportionally with the ratio of a 16-inch ceiling fan.  

 For standard, hugger, and VSD fans, DOE observed that many manufacturers use the 
same sized BLDC motor, regardless of blade span. In interviews, manufacturers commented that 
the larger torque associated with BLDC motors allows a single motor size to span a range of 
blade spans. DOE developed an initial estimate for motor costs using teardown data and 
manufacturer literature. DOE then supplemented this estimate with manufacturer estimates for 
the incremental cost associated with transitioning from AC motors to BLDC motors. The cost 
analysis for standard, hugger, and VSD fans is described in more detail in chapter 5 of the TSD.  

2.6.3.2 Motor Markup 

During the May 2021 RFI, DOE requested comment on the underlying  assumptions from 
the January 2017 Final Rule, which includes that BLDC motors require repair at a higher 
frequency than AC motors for small-diameter ceiling fans. 86 FR 24538, 24545. During the 
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January 2017 Final Rule, DOE applied a warranty factor, designed to estimate the front-end cost 
that manufacturers build in to cover estimated warranty costs, of 8 percent for BLDC motors and 
1.2 percent for AC motors. (See chapter 5 of January 2017 Final Rule available at Docket No. 
EERE-2012-BT-STD-0045-0149) Hunter agreed that BLDC motors have a higher warranty rate 
than AC fans. (Hunter No. 11 at p. 4 and p. 8) 

Conversely, the CA IOUs recommended DOE reduce the warranty rate for BLDC motors 
and reduce the lifespan for AC motors. (CA IOUs, No. 12 at p. 2) The CA IOUs suggested that 
defective electronics are likely to fail early in life and ENERGY STAR® products require a 3-
year warranty. Given that only BLDC motors meet ENERGY STAR®, the CA IOUs claimed 
that this demonstrates manufacturers are confident in their BLDC motors. (CA IOUs, No. 12 at 
p. 2)  

DOE notes that while ENERGY STAR® products use BLDC motors and are required to 
have a 3-year warranty, ENERGY STAR® products represent only a small percentage of the 
market and operate at a much higher price point than the majority of the ceiling fan market. The 
3-year warranty for ENERGY STAR® products does not inherently imply identical AC and 
BLDC motor warranties since the higher price point for ENERGY STAR® products may make 
up for higher warranty costs.  

Additionally, the CA IOUs commented that they did accelerated-life testing based on the 
BLDC motor temperature and estimated a mean indoor lifespan of 14 years; therefore, the BLDC 
repair rate should be identical to AC motors. (CA IOUs, No. 12 at pp. 2-3) The CA IOUs quoted 
several distributor sites and a DOE guide to HVAC air handler fans, which claim the cooler 
operation of BLDC motors can extend product lifetimes. (CA IOUs, No. 12 at p. 4) 

DOE notes that the limiting factor in BLDC motors is typically not associated with 
operating temperature. In manufacturer interviews, manufacturers stated that the electronics 
typically fail well before a ceiling fan motor does. Specifically, manufacturers commented that 
consumers often are unfamiliar with BLDC motors and will incorrectly install them which 
causes an immediate failure in control electronics.  

Several manufacturers indicated that ceiling fans with AC motors can virtually run 
forever; therefore fan and motor lifetime are limited by consumer décor preferences, rather than 
technological failure. Many manufacturers stated that they have seen ceiling fans with AC 
motors remain in use for decades without failure. In contrast, virtually all ceiling fans with 
BLDC motors have been available on the market for fewer than 10 years. Manufacturers agreed 
that most electronic failures happen early in a product’s lifetime, but manufacturers do not yet 
have significant data on when electronics for these ceiling fans will fail. 

Some manufacturers are exploring putting the electronic controller outside of the motor 
housing, making it more accessible to consumers. This change allows consumers to replace the 
broken controller, rather than the entire fan. However, this practice is not yet widespread in the 
industry.  

DOE’s estimate of an 8 percent warranty factor for BLDC motor fans and 1.2 percent 
warranty factor for AC motor fans was consistent with the average manufacturer estimates 
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during manufacturer interviews. Therefore, DOE has retained these warranty factors and applied 
them to the ceiling fan motor and controls costs in the preliminary analysis. 

2.6.3.3 Manufacturer Production Cost Markups 

As mentioned, DOE calculates an initial estimate of ceiling fan costs and applies the 
motor warranty factor to generate a factory production cost. For all small-diameter ceiling fans, 
DOE assumed that the ceiling fans were manufactured in China. In order to calculate the 
manufacturer production costs, DOE applied several markups to the factory cost, including 
overhead costs, factory markup, tariffs, and shipping.  

Hunter commented that BLDC motors require rare earth metals from China, and 
therefore, a standard that requires BLDC motors would require a significant increase in U.S. 
dependence on magnets from China. (Hunter, No. 11 at pp. 4-5) DOE understands that small 
diameter ceiling fan manufacturers are already reliant on China for parts and assembly and does 
not expect that reliance on China for the manufacture of magnets would constitute an additional 
burden.  

In the previous rulemaking, DOE applied overhead, factory, tariff, and shipment markups 
to its factory production costs.  In manufacturer interviews, DOE asked whether the previous 
rulemaking markups were still relevant. Generally, manufacturers agreed that the overhead 
markup, factory markup and tariff were still correct and therefore were maintained in this 
preliminary analysis. However, manufacturers stated that the cost of shipping has increased 
substantially since the Covid-19 pandemic. Manufacturers were not certain when or if shipping 
costs would decrease. DOE adjusted its shipping cost estimate to $7.77 per unit, up from $3.60 
used in the January 2017 Final Rule, in response to data provided by manufacturers. Eq. 2.1, 
below, provides the MPC calculation for all small-diameter ceiling fans.  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑃𝑃𝑀𝑀𝑃𝑃𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡𝑃𝑃𝑀𝑀 𝐶𝐶𝑃𝑃𝐶𝐶𝑀𝑀
= [(𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝐶𝐶𝑃𝑃𝐶𝐶𝑀𝑀 + 𝑂𝑂𝑂𝑂ℎ𝑃𝑃) ∗ (𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)] ∗ (1 + 𝑇𝑇𝑀𝑀𝑀𝑀) + 𝑆𝑆ℎ𝑡𝑡𝑀𝑀 

Eq. 2.1 
Where:  
Factory Cost = cost to manufacturec 
Ovhd = overhead cost at $2.50 per fan 
Factory Markup = 1.2 
Trf = tariff at 4.7% 
Ship = $7.77 
 
 Once DOE has derived the MPC, DOE assumes various distribution channels and 
distributor markups to arrive at the consumer purchase price. These markups are described in 
more detail in section 2.7. 

                                                 
c DOE assumes that most small-diameter ceiling fans are manufactured in China.  
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2.6.3.4 Large-Diameter Ceiling Fans 

DOE relied on a combination of physical and catalog teardowns to a build a “bottom up” 
manufacturing cost assessment for large-diameter ceiling fans. As described in section 2.6.2.2, 
DOE assumed the baseline large-diameter ceiling fan used three-phased geared AC induction 
motors. DOE observed that motor sizes can vary depending on application. For example, 
whether the ceiling fan is designed for low or high-airflow applications.  

In the preliminary analysis, DOE used a 1 HP motor to model the 8-foot and 12-foot 
high-airflow large diameter ceiling fans. DOE observed that above a certain blade span, 
manufacturers often increase motor size. Therefore, DOE used a 2 HP motor to model the 20-
foot unit. These motor sizes were maintained for both geared motors and permanent magnet 
direct-drive motors.  

For low-airflow large-diameter ceiling fans, DOE used a 0.5 HP motor to model the 8-
foot unit. The few 12-foot low-airflow units that used geared motors used a 1 HP motor; 
therefore, DOE assumed that manufacturers would use a 1 HP motor for these units. DOE did 
observe several direct-drive low-airflow units with smaller HP motors. Therefore, DOE assumed 
a 0.5 HP motor for the 12-foot direct drive unit, when modeling the permanent magnet-direct 
drive efficiency level. For the 20-foot unit, DOE assumed that a 1 HP motor would be used for 
both geared and direct-drive motors. The motor sizes used for large-diameter ceiling fans are 
summarized in Table 2.6.4. 

Table 2.6.4  Large-Diameter Ceiling Fan Representative Unit Motor Size 

Blade Span Efficiency 
Level Low-Airflow Motor High-Airflow Motor 

8-Foot 
EL0 0.5 HP 1 HP 
EL1 0.5 HP 1 HP 
EL2 0.5 HP 1 HP 

12-Foot 
EL0 1 HP 1 HP 
EL1 1 HP 1 HP 
EL2 0.5 HP 1 HP 

20-Foot 
EL0 1 HP 2 HP 
EL1 1 HP 2 HP 
EL2 1 HP 2 HP 

 

 The cost analysis for large-diameter ceiling fans is described in more detail in chapter 5 
of this TSD. DOE notes that large-diameter ceiling fans are less commoditized than small-
diameter ceiling fans and that they are more frequently manufactured in the United States. 
Therefore, DOE does not apply the same markups to convert from factory production cost to the 
MPC. The markups associated with converting from MPC to MSP are described in more detail in 
section 2.7. 
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2.6.4 Cost-Efficiency Results 

The results of the engineering analysis are reported as cost-efficiency data (or “curves”) 
in the form of energy efficiency (in terms of CFM/W or CFEI) versus MPC (in dollars), which 
form the basis for subsequent analyses in the preliminary analysis. DOE developed curves for 
each representative unit. DOE implemented design options by analyzing a variety of technology 
options and efficiency levels for each representative unit. See TSD chapter 5 for additional detail 
on the engineering analysis. 

Table 2.6.5  Cost-Efficiency Curves for 13-Inch VSD Ceiling Fans 
Efficiency 

Level Description Efficiency  
(CFM/W) 

MPC 
 (2021$) 

EL0 Baseline 24 $87.09 
EL1 BLDC Motor 44 $121.59 

 

Table 2.6.6  Cost-Efficiency Curves for 16-Inch VSD Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 34 $96.51 
EL1 BLDC Motor 53 $130.93 

 

Table 2.6.7  Cost-Efficiency Curves for 44-Inch Standard Ceiling Fans 
Efficiency 

Level Description Efficiency  
(CFM/W) 

MPC  
(2021$) 

EL0 Baseline 67 $50.64 

EL1 10 percent reduction in 
power consumption 74 $53.76 

EL2 20 percent reduction in 
power consumption 83 $58.04 

EL3 ENERGY STAR® Level 89 $73.58 
EL4 BLDC Motor – Flat Blades 144 $73.58 

 

Table 2.6.8  Cost-Efficiency Curves for 52-Inch Standard Ceiling Fans 
Efficiency 

Level Description Efficiency (CFM/W) MPC 
(2021$) 

EL0 Baseline 72 $55.49 

EL1 10 percent reduction in 
power consumption 80 $58.01 

EL2 20 percent reduction in 
power consumption 90 $63.97 

EL3 ENERGY STAR® Level 110 $76.10 
EL4 BLDC Motor – Flat Blades 152 $76.10 
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Table 2.6.9  Cost-Efficiency Curves for 60-Inch Standard Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC  
(2021$) 

EL0 Baseline 77 $65.71 

EL1 10 percent reduction in 
power consumption 84 $70.86 

EL2 20 percent reduction in 
power consumption 94 $77.26 

EL3 ENERGY STAR® Level 131 $80.15 
EL4 BLDC Motor – Flat Blades 168 $80.15 

 

Table 2.6.10  Cost-Efficiency Curves for 44-Inch Hugger Ceiling Fans 
Efficiency 

Level Description Efficiency  
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 47 $49.05 

EL1 10 percent reduction in 
power consumption 54 $51.99 

EL2 20 percent reduction in 
power consumption 60 $55.99 

EL3 ENERGY STAR® Level 62 $72.17 
EL4 BLDC Motor – Flat Blades 118 $72.17 

 

Table 2.6.11  Cost-Efficiency Curves for 52-Inch Hugger Ceiling Fans 
Efficiency 

Level Description Efficiency  
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 50 $53.72 

EL1 10 percent reduction in 
power consumption 57 $56.06 

EL2 20 percent reduction in 
power consumption 64 $61.65 

EL3 ENERGY STAR® Level 76 $75.94 
EL4 BLDC Motor – Flat Blades 125 $75.94 
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Table 2.6.12  Cost-Efficiency Curves for 8-foot High-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC  
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,579.30 

EL1 Three-phased geared 
premium induction motor 1.25 1.35 $1,605.42 

EL2 Permanent magnet direct 
drive motor 1.39 1.65 $1,733.67 

 
 

Table 2.6.13  Cost-Efficiency Curves for 12-foot High-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC  
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,624.06 

EL1 Three-phased geared 
premium induction motor 1.25 1.35 $1,650.18 

EL2 Permanent magnet direct 
drive motor 1.39 1.65 $1,778.44 

 
 

Table 2.6.14  Cost-Efficiency Curves for 20-foot High-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC 
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,776.36 

EL1 Three-phased geared 
premium induction motor 1.25 1.35 $1,809.78 

EL2 Permanent magnet direct 
drive motor 1.39 1.65 $2,198.76 

 
 

Table 2.6.15  Cost-Efficiency Curves for 8-foot Low-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC 
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,535.91 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,555.82 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,624.21 
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Table 2.6.16  Cost-Efficiency Curves for 12-foot Low-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC 
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,624.06 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,650.18 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,668.98 

 
 

Table 2.6.17  Cost-Efficiency Curves for 20-foot Low-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC 
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,716.00 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,742.12 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,870.37 

2.7 MARKUPS ANALYSIS 

To account for manufacturers' non-production costs and profit margin, DOE applied the 
manufacturer markup to the full MPC derived in the engineering analysis. The resulting MSP is 
the price at which the manufacturer can recover all production and non-production costs and earn 
a profit. To meet new or amended energy conservation standards, manufacturers typically 
introduce design changes to their product lines, which increase manufacturer production costs. 
As production costs increase, manufacturers typically incur additional overhead. Chapter 6 of 
this TSD provides details on the calculation of the MSP.  

The markups analysis also develops appropriate markups in the distribution chain (e.g., 
retailer markups, distributor markups, contractor markups) and sales taxes to convert the MSP 
estimates derived in the engineering analysis to consumer prices, which are then used in the 
lifecycle cost (LCC) and payback period (PBP) analyses and in the manufacturer impact analysis 
(MIA). At each step in the distribution channel, companies markup the price of equipment to 
cover business costs and profit margin.  

Consistent with the January 2017 Final Rule, DOE characterized four distribution 
channels to describe how standard, hugger and VSD ceiling fans pass from manufacturers to 
consumers, as follows: 

• Manufacturer → Home Improvement Center → Consumer 
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• Manufacturer/Home Improvement Center (in-store label) → Consumer 

• Manufacturer → Wholesaler → Contractor → Consumer 

• Manufacturer → Showroom → Consumer 

MEP commented that there is a continued increase in online sales of ceiling fans. (MEP, 
No. 6 at p. 8) DOE developed the market share for each distribution channel based on 
manufacturer interviews. However, there is insufficient data supporting the estimation of a 
separate markup for ceiling fans sold through online channels; hence, DOE accounted for online 
sales in the first distribution channel (manufacturer  home improvement center  consumer) 
and notes that the market share of that channel has increased compared to that used in the 
January 2017 Final Rule.  

For large-diameter and HSSD ceiling fans, DOE considered the following distribution 
channels: 

Manufacturer → Dealer → Customer 

 Manufacturer → In-house Dealer → Customer 

DOE assumed that the markup for in-house dealers and conventional dealers is the same; 
Therefore, the overall markup for these two channels is also the same. For more details on the 
distribution channels and the markups used by DOE, see chapter 6 of this TSD.   

2.8 ENERGY USE ANALYSIS 

The energy use analysis produces energy use estimates for ceiling fans and estimates the 
range of energy use of ceiling fans in the field (i.e., as they are actually used by consumers), 
enabling evaluation of energy savings from the operation of ceiling fans at various efficiency 
levels. The energy use analysis provides the basis for other analyses DOE performs, particularly 
assessments of the energy savings and the savings in operating costs that could result from 
adoption of amended or new standards. 

2.8.1 Inputs for Standard, Hugger, and VSD Ceiling Fans 

2.8.1.1 Sample of Purchasers 

DOE has included only residential applications in the energy use analysis of standard, 
hugger, and VSD ceiling fans. DOE used the Energy Information Administration (EIA) 2015 
Residential Energy Consumption Survey (RECS) to choose a random sample of households in 
which new ceiling fans could be installed.7 RECS is a national sample survey of housing units 
that collects statistical information on the consumption of, and expenditures for, energy in 
housing units, along with data on energy-related characteristics of the housing units and 
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occupants. RECS collected data on 5,686 housing units and was constructed by EIA to be a 
national representation of the household population in the United States. 

 In creating the sample of RECS households, DOE used the subset of RECS records that 
met the criterion that the household had at least one ceiling fan. DOE sampled 10,000 
households from RECS (using sampling with replacement) to estimate annual energy use for 
standard, hugger, and VSD ceiling fans. Because RECS provides no means of determining the 
type of ceiling fan in a given household, DOE used the same sample for the standard, hugger, 
and VSD product classes. 

2.8.1.2 Operating Hours 

DOE used data from a 2013 Lawrence Berkeley National Laboratory (LBNL) study that 
surveyed ceiling fan owners to estimate the total daily operating hours for each sampled RECS 
household.8 In that study, the authors asked a nationally representative sample of more than 
2,500 ceiling fan users to report their ceiling fan operating hours for high, medium, and low 
speeds. The LBNL study reported a distribution of operating hours, with an average of 6.45 
hours of operation per day. The operating hours for each sampled household were drawn from 
the distribution of operating hours reported in the LBNL study, and further apportioned into 
operating hours at different fan speeds. 

As in the January 2017 Final Rule, DOE estimated that the average fraction of time that 
standard, hugger, and VSD ceiling fans were operated in active mode at high speed, medium 
speed, and low speed is 33 percent, 38 percent, and 29 percent, respectively. For the energy use 
analysis, DOE accounted for a distribution of operating hours that is intended to capture 
variation around these average values (see Chapter 7 of the TSD for more details).  

 CBE commented that their field study collected extensive usage data that indicates fans 
are rarely, if ever operated at maximum speed.6 (CBE, No. 7 at p. 5) DOE notes that the CBE 
field study was conducted for 99 ceiling fans with automated smart controls, from a specific 
make and model, the majority of which were installed in commercial settings, and in conjunction 
with an air conditioning system. Therefore, DOE is concerned that the CBE field study findings 
may not be representative of typical ceiling fan usage, but may rather reflect the usage 
characteristics for the specific use cases in which these fans were tested.  
 

MEP expressed concern that the 2013 LBNL survey consists primarily of unregulated 
ceiling fans. MEP believes regulations may have impacted consumer usage patterns and 
therefore encourages DOE to update the ceiling fan usage survey and expand sample size to 
account for regional variation in each product class. (MEP, No. 6 at p. 3) ALA commented that 
the 2017 consumer usage assumptions are out of date and ALA members have collected actual 
usage data (ALA, No. 8 at p. 2) DOE understands the concerns expressed by MEP and ALA; 
however, at this time DOE is not aware of any data indicating that efficiency standards affect 
consumer usage patterns for ceiling fans. DOE does not have more recent nationally 
representative data from which it could estimate operating hours and modal distributions at this 
time. 
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DOE requests comment and data to inform recent consumer usage patterns for standard, 

hugger, and VSD ceiling fans, including the modal breakdown of operating hours in active 

mode. See chapter 7 of the TSD. 

2.8.1.3 Power Consumption at Each Speed and Standby 

DOE determined the power consumption at high, medium, and low speed for each 
representative fan size in the engineering analysis. These values are shown in chapter 5 of this 
TSD. DOE estimated that all ceiling fans with BLDC motors expend standby power, and that 15 
percent of non-baseline standard, hugger, and VSD ceiling fans with AC motors come with a 
remote, and therefore consume power while in standby mode. DOE further estimated 0.7 watts 
as the power consumption value for standby for all representative fans belonging to the standard, 
hugger, and VSD product classes, based on testing conducted in association with developing the 
engineering analysis. 

DOE requests comment and data on the assumption that 15 percent of non-baseline 

standard, hugger, and VSD ceiling fans with AC motors are operated with remote controls, and 

therefore consume power while in standby mode.  DOE also requests comments and data on the 

assumption that, on average, such fans consume 0.7 W while in standby mode. See chapter 7 of 

the TSD. 

2.8.2 Inputs for Large-Diameter Ceiling Fans 

2.8.2.1 Sample of Purchasers 

DOE has included only commercial and industrial applications in the energy use analysis 
of high- and low-airflow large-diameter ceiling fans. Although some large-diameter ceiling fans 
are used in residential applications, they represent a very small portion of their total market. 
Similar to standard, hugger, and VSD ceiling fans, DOE used RECS 2015 to develop a sample of 
10,000 fans to represent the range of large-diameter ceiling fan energy use. DOE did not use 
CBECS 2012 to construct the consumer sample because CBECS 2012 does not provide an 
indication of whether or not sampled buildings have ceiling fans. By using RECS 2015 to 
construct the large-diameter ceiling fan sample, DOE implicitly assumed that the geographic 
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distribution of commercial and industrial ceiling fans is equivalent to that of residential ceiling 
fans. 

2.8.2.2 Operating Hours 

 DOE assumed that large-diameter ceiling fans operate for 12 hours per day on average, 
with equal time spent operating at 20 percent speed, 40 percent speed, 60 percent speed, 80 
percent speed, and 100 percent speed.  These assumptions align with the January 2017 Final 
Rule analysis.  

 
 DOE requests comment and data on the overall active mode operating hours of large-

diameter ceiling fans as well as the modal breakdown of operating hours in active mode. See 

chapter 7 of the TSD.  

2.8.2.3 Power Consumption at Each Speed and Standby 

 For large-diameter ceiling fans, the power consumption for a given representative fan 
was determined by the weighted average of power consumption at the five speeds discussed 
previously, where each speed was weighted by an equal fraction of time spent at that speed. As 
discussed in section 2.6.2.3, DOE also considered large-diameter fans to have 7 W standby 
power, and that all hours not spent in active mode were in standby mode.  

DOE requests comments and data on the assumed standby power consumption of 7 W for 

large-diameter ceiling fans. See chapter 7 of the TSD.  

2.8.2.4 Impact on Air-Conditioning or Heating Equipment Use 

 DOE did not account for any interaction between ceiling fans and air conditioning or 
heating equipment. Hunter commented that ceiling fans are already efficient when compared 
with alternative cooling sources, and that any impact on ceiling fans could increase HVAC 
usage.  (Hunter, No. 11 at p. 2) Hunter also encouraged DOE to consider the ability of general 
circulation fans and high velocity evaporative cooling fans to reduce central AC. (Hunter, No. 11 
at p. 6-7) CBE commented that using fans in newly built commercial spaces can allow 
significant first-cost savings on account of reducing air-conditioning of heating duct work. (CBE, 
No. 7 at p. 4) In DOE's estimation, it appears unlikely that consumers would substantially 
increase air conditioning use or forego purchasing a ceiling fan in lieu of an air conditioning unit, 
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due to a modest increase in the initial cost of a ceiling fan due to an amended energy 
conservation standard. CBE’s field study indicates that HVAC energy use may be reduced when 
efficient ceiling fans are used in conjunction with raised indoor cooling temperature setpoints, 
however, the 2013 LBNL study found that, across the survey respondents, over 70% did not 
adjust their thermostat setpoints when their ceiling fan(s) were operating.  Taken together, this 
information suggests that the interaction between ceiling fan use and air conditioning use would 
be unlikely to be different in the case of amended standards than it would be in the no-new-
standards case. 

2.9 LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSES 

In determining whether an energy conservation standard is economically justified, DOE 
considers the economic impacts of efficiency levels on consumers. Energy conservation 
standards produce a change in consumer operating costs—usually a decrease—and a change in 
product purchase price—usually an increase. DOE used the following two metrics to measure 
potential impacts on consumers. 

• LCC is the total consumer cost of an appliance or product, generally over the life of 
the product. The LCC calculation includes total installed cost (product MSP, markups 
throughout distribution channels, sales tax, and any installation costs); operating costs 
(energy, repair, and maintenance costs); product lifetime, and discount rate. Future 
operating costs are discounted to the time of purchase and summed over the lifetime 
of the product. 

• PBP measures the amount of time required for consumers to recover the assumed 
higher purchase price of a more energy efficient product through reduced operating 
costs. Payback periods that exceed the life of the product mean that the increased total 
installed cost is not recovered in reduced operating expenses. The inputs to the PBP 
calculation for each efficiency level are the change in total installed cost of the 
product and the change in the first-year annual operating expenditures relative to the 
baseline.  

2.9.1 Purchase Price 

 DOE estimates the purchase price by combining manufacturing and production cost, 
manufacturer markups, tariffs, import costs, retail markups, and sales tax. Section 2.7 provides 
the details of the markups analysis. 
 
 DOE used a price trend to account for changes in the incremental BLDC motor price that 
are expected to occur between the time for which DOE has data for BLDC motor prices (2020) 
and the first full year after the assumed compliance date of the rulemaking (2027). DOE 
estimated a 6.3 percent price decline rate associated with the electronics used to control BLDC 
motor fans based on an analysis of the inflation-adjusted Producer Price Index (PPI) of 
semiconductor components.9 This rate is applied only to the incremental MSP between a ceiling 
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fan with a BLDC motor and the most efficient ceiling fan with an AC motor, not to the price of 
the entire ceiling fan. For details on this approach, see chapter 8 of the TSD. 
 
 DOE applied sales tax, which varies by geographic location, to the total product cost. 
DOE collected sales tax data from the Sales Tax Clearinghouse and used population projections 
from the Census bureau to develop population-weighted-average sales tax values for each state 
in 2027.10,11 
 
 DOE assumed that installation costs are the same regardless of efficiency level and do not 
affect the LCC or PBP. ALA commented that installation costs have increased as labor costs, 
parts, materials and more intricate fans (e.g., those with smart technology) have increased 
installation costs. Further, ALA commented that large-diameter ceiling fans have much higher 
installation costs than small-diameter fans. (ALA, No. 8 at p. 4) DOE appreciates these 
comments from ALA, but has continued to assume no installation costs based on a lack of data 
indicating installation costs are affected by efficiency level. 
 
 The cost of the basic means of control has been accounted for in the engineering analysis 
at all efficiency levels for all product classes. For standard, hugger and VSD fans with an AC 
motor, the means of control are assumed to be electromechanical, e.g., a pull chain or wall-
mounted controls, as the vast majority of AC-motor ceiling fans are operated with these types of 
controls. For fans with a BLDC motor, the means of control is assumed to be a remote control, as 
the vast majority of ceiling fans with a BLDC motor are operated by remote control. In the case 
of standard, hugger and VSD fans, DOE estimates from manufacturer feedback that 15 percent 
of non-baseline fans with AC motors are operated with a remote control. For these AC fans 
operated with a remote control, DOE added an additional $33.25 to the MSP to account for the 
purchase of the remote control, which is based on manufacturer feedback and product teardowns. 

2.9.2 Electricity Prices 

 DOE used average electricity prices to characterize energy costs associated with the 
baseline efficiency level and marginal electricity prices to characterize incremental energy costs 
associated with the other considered efficiency levels. Marginal electricity prices are used to 
characterize incremental energy costs because they capture more accurately the small, 
incremental cost or savings associated with a change in energy use relative to the consumer's bill 
in the reference case and may provide a better representation of consumer costs than average 
electricity prices. DOE estimated these prices using data published with the Edison Electric 
Institute (EEI) Typical Bills and Average Rates reports for summer and winter 2020.12 

2.9.3 Electricity Price Trends 

 To arrive at average and marginal electricity prices in future years, DOE multiplied the 
average and marginal electricity prices in the reference year (2020) by the forecast of annual 
residential or commercial electricity price changes for each Census division from the DOE’s 
Energy Information Administration (EIA)’s Annual Energy Outlook 2021 (AEO 2021). AEO 
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2021 projects electricity price trends until the year 2050.13 To estimate the trends after 2050, 
DOE assumed prices remain constant at their 2050 level. 

2.9.4 Repair and Maintenance Costs 

 DOE assumed that repair and maintenance costs do not vary by efficiency level. 
Therefore, DOE did not estimate repair or maintenance costs in this preliminary analysis.  
 
 ALA commented that BLDC motors require repair at a higher frequency than AC motors. 
(ALA, No. 8 at p. 4) Hunter commented that, in general, BLDC motors have a higher warranty 
rate than AC motors in residential fans. (Hunter, No. 11 at p. 8) In contrast, the CA IOUs 
suggested not having an incremental repair rate for BLDC motor ceiling fans (relative to AC 
motor fans) for multiple reasons: 1) Accelerated BLDC motor life testing conducted by the CA 
IOUs indicates a mean indoor life span of 14 years (which is very similar to the average ceiling 
fan lifetime from the 2017 Final Rule and used in this analysis); 2) defective electronics are 
likely to fail early in their lives, and manufacturers have shown a willingness to have a 3-year 
warranty, as indicated by ENERGY STAR® requiring a 3-year warranty; and 3) manufacturers 
state that BLDCs have a longer lifespan than AC motors (based on Hansen Wholesale and 
Lumens), and DOE’s guide on BLDC motors indicates they have twice the lifespan of AC 
motors. (CA IOUs, No. 12 at pp. 2-4) MEP also commented that while repairs are generally 
more common on higher-cost and higher-efficiency products, repairs in the residential sector are 
uncommon. (MEP, No. 6 at p. 9) Moreover, MEP estimates that repairs in the commercial and 
industrial market are in the range of 20-30%. Id. Finally, CBE commented that of the 99 fans in 
its study, only one fan failed for unknown reasons. (CBE, No. 7 at p. 4).  
 
 DOE appreciates all of the information received on repair rates. DOE understands from 
manufacturer interviews that BLDC motor ceiling fans tend to fail early on due to electronics 
issues (if they fail at all), but that warranties typically cover these failures and manufacturers 
have implicitly accounted for potentially higher warranty rates for these fans in the manufacturer 
selling price. Based on this information from the manufacturer interviews as well as the 
comments received from the RFI, DOE believes that repair costs for AC and BLDC motor fans 
are equivalent, and DOE has therefore not included repair costs for any ceiling fan product class 
in this preliminary analysis. 
 

DOE is not aware of any data suggesting that maintenance or repair costs vary as a 

function of efficiency for ceiling fans. DOE therefore assumed that such costs do not impact the 

LCC and PBP analyses. DOE requests comment and data on this assumption. See chapter 8 of 

the TSD. 
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2.9.5 Product Lifetime 

For this analysis, DOE used the survival probability function from the January 2017 Final 
Rule to characterize lifetimes for all ceiling fans. The CA IOUs recommended DOE reduce the 
life of AC motor ceiling fans, whereas ALA indicated that ceiling fans are typically replaced 
every 15 years based on when homeowners redecorate or renovate. (CA IOUs, No. 12 at p. 4; 
ALA, No. 8 at p. 4) MEP commented that a reasonable life expectancy of ceiling fans would be 
slightly less than the motor life. (MEP, No. 6 at p. 10)  Based on a lack of available data to 
indicate different lifetimes than those that were used in the 2017 Final Rule, as well as general 
agreement of the ceiling fan lifetimes with the proposed residential redecoration time scale of 15 
years put forth by ALA, DOE has continued to use the survival distributions from the 2017 Final 
Rule. 

 
DOE requests comment on the lifetime assumptions and methodology used in the LCC 

and PBP analyses for ceiling fans. See chapter 8 of the TSD.  

2.9.6 Discount Rates 

In calculating the LCC, DOE applies discount rates appropriate to consumers to estimate 
the present value of future operating costs. To identify appropriate discount rates for purchasers, 
DOE assumed that all hugger, standard, and VSD ceiling fans are used in the residential sector, 
high-airflow large-diameter ceiling fans are used in the industrial sector, and low-airflow large-
diameter ceiling fans are used in the commercial sector. Feedback from manufacturer interviews 
support these assumptions. 

 
For residential consumers, DOE estimated a distribution of discount rates for ceiling fans 

based on consumer financing costs and opportunity cost of funds related to appliance energy cost 
savings and maintenance costs. To establish discount rates for commercial and industrial users, 
DOE estimated the cost of capital for companies that purchase ceiling fans. The sample-average 
discount rates for the residential, commercial, and industrial sectors are 4.3%, 6.7%, and 7.1%, 
respectively. More detail on the derivation of discount rates is provided in Chapter 8 of the TSD. 

2.9.7 Blade Span Distribution 

DOE used feedback from manufacturer interviews to determine blade span distributions 
for each product class. The estimates obtained from manufacturer interviews are for 2020, and 
DOE assumes that these blade span distributions will remain constant up to the assumed 
compliance year (2027). The table below provides the blade span distributions DOE used in this 
analysis. 
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Table 2.9.1  Blade Span Distribution in 2027 by Product Class 

Product Class Blade 
Span 

Market 
Share 
(2027) 

Standard 
44” 29.0% 
52” 59.7% 
60” 11.3% 

Hugger 
44” 32.7% 
52” 67.3% 

Very Small-Diameter 
13” 50.0% 
16” 50.0% 

Low-Airflow Large-
Diameter  

8’ 20.4% 
12’ 26.2% 
20’ 53.4% 

High-Airflow Large-
Diameter  

8’ 20.4% 
12’ 26.2% 
20’ 53.4% 

 

2.9.8 Market Efficiency Distributions 

DOE used feedback from manufacturer interviews as well as a consumer choice model to 
estimate efficiency distributions in 2027 by product class and blade span in the no-new-standards 
case as well as the candidate standards cases. For more detail on the consumer choice model, see 
section 2.10. See chapter 8 of the TSD for details on the derivation and results of the efficiency 
distributions in the no-new-standards case and standards cases. 

 
DOE requests comment on the overall methodology and results of the LCC and PBP 

analyses. See chapter 8 of the TSD. 

2.10 SHIPMENTS ANALYSIS 

DOE uses projections of annual ceiling fan shipments to calculate the national impacts of 
potential amended or new energy conservation standards on energy use, net present value 
(“NPV”), and future manufacturer cash flows.d The shipments model uses an accounting 
approach, where estimates of stock, demand, and retirements are modeled together to estimate 

                                                 
d DOE uses data on manufacturer shipments as a proxy for national sales, as aggregate data on sales are lacking. In 
general, one would expect a close correspondence between shipments and sales. 
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future values. In the shipments analysis for ceiling fans, DOE considered three market segments 
contributing to demand: (1) demand for replacements, (2) demand for installations into existing 
buildings, and (3) demand for installations in new construction. DOE also accounted for 
retirement demand lost to demolitions that remove housing stock. DOE used estimates of 
historical shipments incorporated into the analysis for the January 2017 Final Rule, as well as 
Energy Star Unit Shipment Reports, to create an initial vintage distribution. 

To compute demand for replacements, DOE used the lifetime estimated during the LCC 
analysis, which estimates a median lifetime of 13.9 years for ceiling fans. In each analysis year 
of the model, DOE calculated retirements across the vintage distribution and totaled in order to 
find all retirement demand. DOE used projections of housing starts coupled with ceiling fan 
saturation data to estimate demand for installations into new construction. To estimate demand 
for installation into existing buildings, DOE first estimated ceiling fan saturation in existing 
building stock and new construction separately. DOE assumed that in each analysis year, if 
existing housing stock had not yet met the new construction saturation rate for ceiling fans, a 
small portion of all stock without ceiling fans would install them. DOE assumed that the average 
number of ceiling fans installed for those homes was the same as that for new construction. 

In order to account for retirement demand lost to building demolitions, DOE first 
computed demolitions as the difference in annual housing stock changes and new construction 
estimates. DOE then assumed that the fraction of demolished homes with ceiling fans and the 
number of ceiling fans per demolished home were constant and for each year computed the 
number of retired ceiling fans that would not be replaced due to demolitions. 

Once demand has been computed, it has to be allotted among representative units for 
each product class, at each available efficiency level. In order to allot demand for standard, 
hugger, and VSD fans, DOE implemented a consumer choice model that calculates market share 
for each ceiling fan option as a function of its price relative to that of similar ceiling fans. 
Qualitatively, higher-priced ceiling fan options will receive less market share. The sensitivity to 
price was estimated by examining online survey data on ceiling fan consumers from TraQlinee. 
DOE computed and implemented adjustment factors to calibrate the consumer choice model to 
current market shares, so that the consumer choice model aligns with present efficiency 
distribution estimates, which were provided by manufacturer interviews. DOE assumed that over 
time the adjustment factors applied to BLDC fan options will eventually approach the values 
applied to similar AC fans. For ceiling fans with BLDC motors, in addition to the adjustment of 
the calibration factor, DOE assumed that their price would decrease over time to that of the most 
expensive representative unit with an AC motor.  

                                                 
e TraQline is a market research company that specializes in tracking consumer purchasing behavior across a wide 
range of products using quarterly online surveys.  www.traqline.com  

http://www.traqline.com/
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DOE requests consumer purchase data (i.e., ceiling fan price, efficiency, and other 

characteristics) that could be used to inform the modeled consumer sensitivity to ceiling fan 

purchase price and/or other attributes. See chapter 9 of the TSD.  

For large-diameter ceiling fans, DOE assumed a constant efficiency distribution of 
shipments over time for the no-standards case. To estimate the efficiency distribution at each 
standard level, DOE followed a ‘roll-up’ approach. In this approach, at each standards case, 
ceiling fans that do not meet the standard are ‘rolled-up’ to the standard level. The market share 
of fans above the standard level is left unchanged.  

 
Hunter commented that ceiling fans are particularly price sensitive as reflected by the 

volume of ceiling fans sold at the lower price points and the immediate decline in demand 
associated with price increases for low-price fans. (Hunter, No. 11 at p. 2) In order to account for 
the effect that higher prices are known to have on sales, DOE used a price elasticity of -.5 
together with average prices weighted by the consumer choice model to reduce the shipments 
volume in each standards case.14 As a result, the volume of shipments in the max-tech case is 
estimated to go down by 6.3% in the compliance year relative to the no-new-standards case. 
DOE could not find sources about the sensitivity of demand to purchase price specifically for 
ceiling fans or directly comparable appliances. 

 
Chapter 9 of this TSD provides additional details regarding the shipments analysis. 
 
 DOE is requesting comment and data on its shipments estimates for ceiling fans, as well as 

historical shipments data for ceiling fans disaggregated by product class, blade span, and 

efficiency level.  

DOE requests comment and data that could inform the size or application of the price 

elasticity effect for ceiling fans. See chapter 9 of the TSD.  

2.11 NATIONAL IMPACT ANALYSIS 

The national impact analysis (NIA) assesses the aggregate national impacts of potential 
energy conservation standards by estimating the national energy savings (NES) and NPV at each 
proposed standard level. DOE determined the NPV and NES for each product class at each 
potential standard level. To compute NES and NPV, the NIA requires estimates of shipments and 
stock from the shipments analysis, as well as average annual energy consumption, purchase 
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prices, and electricity prices from the LCC analysis. DOE combines ceiling fan stock at each 
proposed standard level with average annual energy use and electricity prices to derive both 
national energy consumption and national operating costs of ceiling fans. The analysis uses 
shipments at each proposed standard level and average purchase prices to derive total installed 
costs. While NES is computed by taking the difference between standards- and no-new-standards 
case consumption, NPV is calculated by taking the difference between national operating cost 
savings and installation cost increases.  

Because DOE assumed that new standards would decrease the volume of shipments and 
stock, the standards-case stock and shipments were used to calculate energy and cost savings. In 
doing so, DOE more conservatively measures savings by excluding the anticipated reduction in 
total ceiling fan stock as a contributing factor in savings. 

MEP encouraged DOE to consider the overall energy impact of disposal or recycling of 
appliances, the energy required to manufacture higher efficiency ceiling fans, and to consider the 
full life-cycle of ceiling fans, including any environmental effects upstream and downstream of 
the ceiling fan (i.e., a "cradle to grave" or "cradle to cradle" analysis). (MEP, No. 6 at p. 2) In 
determining the economic justification of a standard, EPCA requires DOE to consider the total 
projected energy savings that are expected to result directly from the standard. (42 U.S.C. 
6295(o)(2)(B)(i)(III)) DOE considers full-fuel cycle energy savings, including the energy 
consumed in electricity production, in distribution and transmission, and in extracting, 
processing, and transporting primary fuels. DOE does not analyze energy savings related to 
manufacturing, recycling, or disposing of products, as such impacts would not be considered a 
direct result of the standard on the energy use of the covered product. 

DOE accounts for the direct rebound effect in the NIA. Direct rebound is the concept that 
as appliances become more efficient, consumers use more of their service because their operating 
cost is reduced. In the case of ceiling fans, the rebound could be manifested in increased hours of 
use or in increased airflow. DOE has not found data to support a rebound effect for ceiling fans 
and has assumed no rebound in this preliminary analysis. 

 
DOE is requesting comment and data on whether it should consider a direct rebound 

effect for ceiling fans. 

 

Chapter 10 of this TSD provides additional details regarding the national impact analysis.  

2.12 PRELIMINARY MANUFACTURER IMPACT ANALYSIS  

DOE performed a preliminary manufacturer impact analysis (MIA) (chapter 12 of the 
TSD) to estimate the financial impact of amended energy conservation standards on ceiling fan 
manufacturers, and to calculate the impact of such standards on employment and manufacturing 
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capacity. The MIA has both quantitative and qualitative aspects. The quantitative part of the 
MIA relies on the government regulatory impact model (GRIM), an industry-cash-flow model 
customized for these three industries. The GRIM inputs are information on the industry cost 
structure, shipments, and revenues. This includes information from many of the analyses 
described above, such as manufacturing costs and prices from the engineering analysis and 
shipments forecasts. The key GRIM output is the industry net present value (INPV). Different 
sets of assumptions (scenarios) will produce different results. The qualitative part of the MIA 
addresses factors such as product characteristics, characteristics of particular firms, and market 
and product trends and includes assessment of the impacts of standards on manufacturer 
subgroups.  

DOE conducts each MIA in three phases and will further tailor the analytical framework 
for each MIA based on comments from interested parties. In Phase I, DOE creates an industry 
profile to characterize the industry and identify important issues that require consideration. In 
Phase II, DOE prepares an industry cash-flow model and interview questionnaire to guide 
subsequent discussions. In Phase III, DOE interviews manufacturers and assesses the impacts of 
standards quantitatively and qualitatively. DOE assesses industry and subgroup cash flow and 
NPV using the GRIM. DOE then assesses impacts on competition, manufacturing capacity, 
employment, and regulatory burden based on manufacturer interview feedback and discussions.  

DOE has evaluated and is reporting preliminary MIA information in this preliminary 
analysis (see chapter 12 of the preliminary TSD). 

As part of the NOPR, should one be issued, DOE will seek comments from 
manufacturers about their potential loss of market share, changes in the efficiency distribution 
within each industry, and the total reduction in product shipments at each new energy 
conservation standard level. DOE would then estimate the impacts on the industry quantitatively 
and qualitatively.  

The following is an overview of the information DOE intends to collect and analyze.  

2.12.1 Industry Cash-Flow Analysis 

The industry cash-flow analysis relies primarily on the GRIM. DOE uses the GRIM to 
analyze the financial impacts of more stringent energy conservation standards on the industry 
that produces the product covered by the standard. The GRIM analysis uses many factors to 
determine annual cash flows from a new standard: annual expected revenues; manufacturer 
costs, including cost of goods sold, depreciation, research and development, selling, general, and 
administrative expenses; taxes; and conversion capital expenditures. DOE compares the results 
against no-standards case projections that involve no new standards. The financial impact of new 
standards is then the difference between the two sets of discounted annual cash flows. Other 
performance metrics such as return on invested capital are available from the GRIM. For more 
information on the industry cash-flow analysis, refer to chapter 12 of the TSD. 
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2.12.2 Manufacturer Subgroup Analysis 

Industry cost estimates are not adequate to assess differential impacts among subgroups 
of manufacturers. For example, small and niche manufacturers, or manufacturers whose cost 
structure differs significantly from the industry average, could be more negatively affected by the 
imposition of standards. Ideally, DOE would consider the impact on every firm individually; 
however, since this usually is not possible, DOE typically uses the results of the industry 
characterization to group manufacturers exhibiting similar characteristics. 

2.12.3 Competitive Impacts Assessment 

DOE must consider whether a new standard is likely to reduce industry competition, and 
the Attorney General must determine the impacts, if any, of reduced competition. DOE will 
make a determined effort to gather and report firm-specific financial information and impacts. 
The competitive impacts assessment will focus on assessing the impacts on smaller 
manufacturers. DOE will base this assessment on manufacturing cost data and information 
collected from interviews with manufacturers. The interviews will focus on gathering 
information to help assess asymmetrical cost increases to some manufacturers, increased 
proportion of fixed costs potentially increasing business risks, and potential barriers to market 
entry (e.g., proprietary technologies). The NOPR will be submitted to the Attorney General for a 
review of the impacts of standards on competition. The Attorney General’s comments on the 
proposed rule will be considered in preparing the final rule. 

2.12.4 Cumulative Regulatory Burden 

One aspect of assessing manufacturer burden involves looking at the cumulative impact 
of multiple DOE standards and the product-specific regulatory actions of other Federal agencies 
that affect the manufacturers of a covered product or equipment. While any one regulation may 
not impose a significant burden on manufacturers, the combined effects of several existing or 
impending regulations may have serious consequences for some manufacturers, groups of 
manufacturers, or an entire industry. Multiple regulations affecting the same manufacturers can 
strain profits and lead companies to abandon markets with lower expected future returns than 
competing products. For these reasons, DOE conducts an analysis of cumulative regulatory 
burden as part of its rulemakings pertaining to appliance efficiency. DOE will analyze and 
consider the impact on manufacturers of multiple product-specific, Federal regulatory actions.  

2.12.5 Preliminary Results for the Manufacturer Impact Analysis 

In this preliminary analysis, DOE presents its assumptions and initial calculations. DOE 
relied on publicly available information as well as data from the January 2017 Final Rule. For 
more details, see chapter 12 of the TSD. 
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2.13 CONSUMER SUBGROUP ANALYSIS 

The consumer subgroup analysis (chapter 11 of this TSD), which DOE will conduct if it 
proceeds with a NOPR, evaluates economic impacts on selected groups of consumers. A 
consumer subgroup comprises a subset of the population that may be affected disproportionately 
by amended energy conservation standards (e.g., low-income consumers, seniors). The purpose 
of a subgroup analysis is to determine the extent of any such disproportional effect. DOE will 
work with stakeholders to identify any subgroups for consideration.  

In comparing potential effects on the different consumer subgroups, DOE will use 
appropriate values for the inputs that affect the LCC and PBP, such as discount rates and 
electricity prices. For more detail on the approach to the subgroup analysis, see chapter 11 of this 
TSD.  

 
DOE welcomes input regarding which, if any, consumer subgroups should be considered 

when developing potential energy conservation standards for ceiling fans. See chapter 11 of the 

TSD.  

2.14 EMISSIONS ANALYSIS 

The emissions impact analysis, which is conducted in the NOPR phase, consists of two 
components. The first component estimates the effect of potential energy conservation standards 
on power sector and site (where applicable) combustion emissions of CO2, NOX, SO2, and Hg. 
The second component estimates the impacts of potential standards on emissions of two 
additional greenhouse gases, methane (“CH4”) and nitrous oxide (“N2O”), as well as the 
reductions to emissions of all species due to “upstream” activities in the fuel production chain. 
These upstream activities comprise extraction, processing, and transporting fuels to the site of 
combustion. The associated emissions are referred to as upstream emissions. 
  
 The analysis of power sector emissions uses marginal emissions factors that are derived 
from data in the most recent publication of AEO. The methodology is described in chapter 13 
and 15 of this TSD. Combustion emissions of CH4 and N2O are estimated using emissions 
intensity factors published by the EPA. The Full Fuel Cycle upstream emissions are estimated 
based on the methodology described in chapter 15 of this TSD. The upstream emissions include 
both emissions from fuel combustion during extraction, processing, and transportation of fuel, 
and “fugitive” emissions (direct leakage to the atmosphere) of CH4 and CO2.  
  
 The emissions intensity factors are expressed in terms of physical units per megawatt-
hour (“MWh”) or MMBtu of site energy savings. Total emissions reductions will be estimated 
using the energy savings calculated in the NIA. The AEO incorporates the projected impacts of 
existing air quality regulations on emissions. AEO generally represents current legislation and 
environmental regulations, including recent government actions, for which implementing 
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regulations were available as of the time of its preparation. The methodology is described in 
more detail in chapter 13 of this TSD. 
 

DOE requests comment on its approach to conducting the emissions analysis for ceiling 

fans. See chapter 13 of the TSD. 

2.15 MONETIZATION OF EMISSIONS REDUCTION BENEFITS 

DOE considers the estimated monetary benefits likely to result from the reduced 
emissions of CO2, CH4, N2O, sulfur dioxide (SO2), and NOX that are projected to result from 
each of the potential standard levels considered.  
 

For the greenhouse gases CO2, CH4, and N2O, DOE estimates the monetized benefits of 
the reductions in emissions by using a measure of the social cost (“SC”) of each pollutant. These 
estimates represent the monetary value of the net harm to society associated with a marginal 
increase in emissions of these pollutants in a given year, or the benefit of avoiding that increase.  
These estimates are intended to include (but are not limited to) climate-change-related changes in 
net agricultural productivity, human health, property damages from increased flood risk, 
disruption of energy systems, risk of conflict, environmental migration, and the value of 
ecosystem services.  

DOE uses the estimates for the social cost of greenhouse gases (“SC-GHG”) from the 
most recent update of the Interagency Working Group on Social Cost of Greenhouse Gases, 
United States Government (IWG) working group, from “Technical Support Document: Social 
Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990.” 
(February 2021 TSD). DOE has determined that the estimates from the February 2021 TSD, as 
described more below, are based upon sound analysis and provide well founded estimates for 
DOE's analysis of the impacts of related to the reductions of emissions anticipated from the 
proposed rule. 

The SC-GHG estimates in the February 2021 TSD are interim values developed under 
Executive Order (E.O.) 13990 for use until an improved estimate of the impacts of climate 
change can be developed based on the best available science and economics. The SC-GHG 
estimates used in this analysis were developed over many years, using a transparent process, 
peer-reviewed methodologies, the best science available at the time of that process, and with 
input from the public. Specifically, an interagency working group (IWG) that included DOE, the 
EPA and other executive branch agencies and offices used three integrated assessment models 
(IAMs) to develop the SC-CO2 estimates and recommended four global values for use in 
regulatory analyses. Those estimates were subject to public comment in the context of dozens of 
proposed rulemakings as well as in a dedicated public comment period in 2013. 

The SC-CO2 estimates were first released in February 2010 and updated in 2013 using 
new versions of each IAM. In 2015, as part of the response to public comments received to a 
2013 solicitation for comments on the SC-CO2 estimates, the IWG announced a National 
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Academies of Sciences, Engineering, and Medicine review of the SC- CO2 estimates to offer 
advice on how to approach future updates to ensure that the estimates continue to reflect the best 
available science and methodologies. In January 2017, the National Academies released their 
final report, Valuing Climate Damages: Updating Estimation of the Social Cost of Carbon 
Dioxide and recommended specific criteria for future updates to the SC- CO2 estimates, a 
modeling framework to satisfy the specified criteria, and both near-term updates and longer-term 
research needs pertaining to various components of the estimation process (National Academies 
2017). On January 20, 2021, President Biden issued Executive Order 13990, which directed the 
IWG to ensure that the U.S. Government’s (USG) estimates of the SC- CO2 social cost of carbon 
and other greenhouse gases reflect the best available science and the recommendations of the 
National Academies (2017). The IWG was tasked with first reviewing the estimates currently 
used by the USG and publishing interim estimates within 30 days of E.O. 13990 that reflect the 
full impact of GHG emissions, including taking global damages into account, which resulted in 
the issuance of the February 2021 TSD. More information on the basis for the IWG's interim 
values may be found in the IWG's Technical Support Document.f 

To estimate the monetary value of reduced NOX  and SO2 emissions from electricity 
generation attributable to the standard levels it considers, DOE uses benefit-per-ton estimates 
derived from analysis conducted by the EPA. For NOX  and SO2 emissions from combustion at 
the site of product use, DOE uses another set of benefit-per-ton estimates published by the EPA. 

 
Further detail on emissions monetization is provided in chapter 14 of this TSD.  
 

DOE invites input on the proposed approach for estimating monetary benefits associated 

with emissions reductions. See chapter 14 of the TSD. 

2.16 UTILITY IMPACT ANALYSIS 

To estimate the impacts of potential energy conservation standards on the electric utility 
industry, DOE used published output from the NEMS associated with the AEO. NEMS is a large, 
multi-sectoral, partial-equilibrium model of the U.S. energy sector that EIA has developed over 
several years, primarily for the purpose of preparing the AEO. NEMS produces a widely 
recognized forecast for the United States through 2050 and is available to the public.  
 

DOE uses a methodology based on results published for the AEO Reference case, as well 
as a number of side cases that estimate the economy-wide impacts of changes to energy supply 
and demand. DOE estimates the marginal impacts of reduction in energy demand on the energy 
supply sector. In principle, marginal values should provide a better estimate of the actual impact 
                                                 
f See Interagency Working Group on Social Cost of Greenhouse Gases, Technical Support Document: Social Cost of 
Carbon, Methane, and Nitrous Oxide. Interim Estimates Under Executive Order 13990, Washington, D.C., February 
2021. www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf?source=email  

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf?source=email
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf?source=email
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of energy conservation standards. DOE uses the side cases to estimate the marginal impacts of 
reduced energy demand on the utility sector. These marginal factors are estimated based on the 
changes to electricity sector generation, installed capacity, fuel consumption and emissions in the 
AEO Reference case and various side cases. The methodology is described in more detail in 
chapter 15 of the preliminary TSD.  
  
 The output of this analysis is a set of time-dependent coefficients that capture the change 
in electricity generation, primary fuel consumption, installed capacity and power sector 
emissions due to a unit reduction in demand for a given end use. These coefficients are 
multiplied by the stream of electricity savings calculated in the NIA to provide estimates of 
selected utility impacts of potential new or amended energy conservation standards. 
 

 DOE seeks comment on the planned approach to conduct the utility impact analysis. 

See chapter 15 of the TSD. 

2.17 EMPLOYMENT IMPACT ANALYSIS 

The adoption of energy conservation standards can affect employment both directly and 
indirectly. Direct employment impacts are changes in the number of employees at the plants that 
produce the covered products. DOE evaluates direct employment impacts in the MIA. 

Indirect employment impacts may result from expenditures shifting between goods (the 
substitution effect) and changes in income and overall expenditure levels (the income effect) that 
occur due to standards. DOE defines indirect employment impacts from standards as net jobs 
eliminated or created in the general economy as a result of increased spending driven by 
increased product prices and reduced spending on energy. 

 The indirect employment impacts are investigated in the employment impact analysis 
using the Pacific Northwest National Laboratory’s “Impact of Sector Energy Technologies” 
(“ImSET”) model.15 The ImSET model was developed for DOE’s Office of Planning, Budget, 
and Analysis to estimate the employment and income effects of energy-saving technologies in 
buildings, industry, and transportation. Compared with simple economic multiplier approaches, 
ImSET allows for more complete and automated analysis of the economic impacts of energy 
conservation investments. The methodology is described in more detail in chapter 16 of the 
preliminary analysis TSD.  
 

DOE welcomes input on its proposed approach for assessing national employment 

impacts. See chapter 16 of the TSD. 
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2.18 REGULATORY IMPACT ANALYSIS 

In the NOPR stage, DOE prepares an analysis that evaluates potential non-regulatory 
policy alternatives, comparing the costs and benefits of each to those of the proposed standards. 
DOE recognizes that non-regulatory policy alternatives can substantially affect energy efficiency 
or reduce energy consumption. DOE bases its assessment on the actual impacts of any such 
initiatives to date, but also considers information presented by interested parties regarding the 
potential future impacts of current initiatives. 

 
DOE requests any available data or reports that would contribute to the analysis of 

alternatives to standards for ceiling fans. In particular, DOE seeks information on the 

effectiveness of existing or past efficiency improvement programs for these products. See 

chapter 17 of the TSD. 
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CHAPTER 3. MARKET AND TECHNOLOGY ASSESSMENT 

3.1 INTRODUCTION 

This chapter consists of four sections: scope of coverage, product classes, market 
assessment, and technology assessment. The scope of coverage section describes the products 
covered under this rulemaking and discusses certain amendments to the definitions of these 
products being considered by DOE. The product classes section discusses the class-setting 
factors DOE considered for this rulemaking. The market assessment section provides an overall 
picture of the market for the relevant product classes, including the nature of the products, 
industry structure, and manufacturer market shares; regulatory and non-regulatory efficiency 
improvement programs; market trends; and quantities of products sold. The technology 
assessment identifies a preliminary list of technologies DOE will consider in the screening 
analysis.  

The information DOE gathers from the market and technology assessment serves as 
resource material for use throughout the rulemaking. DOE considers both quantitative and 
qualitative information from publicly available sources and interested parties. 

3.2 SCOPE OF COVERAGE 

Pursuant to the Energy Policy and Conservation Act of 1975 (EPCA; 42 U.S.C. 6291), 
DOE has the authority to regulate the electrical energy consumption of ceiling fans. (42 U.S.C. 
6295(ff)(6)(A)) In addition, EPCA also provides certain design standards (including a 
requirement for (i) fan speed controls separate from any lighting controls; (ii) adjustable speed 
controls (either more than one speed or variable speed); and (iii) the capability for reverse action 
(other than fans sold for industrial or outdoor application or where safety would be an issue)). 
(42 U.S.C. 6295(ff)(1)(A)) The statutory design standards will remain in place and are not 
subject to review as part of this rulemaking process. 

The following sections clarify DOE’s interpretation of the statutory definition of a 
“ceiling fan” and the products covered in this rulemaking and describe in more detail the 
regulatory definitions under consideration for several types of ceiling fans. 

3.2.1 Statutory Definition of a Ceiling Fan 

EPCA grants DOE authority to consider and prescribe amended energy conservation 
standards for ceiling fans defined as “a nonportable device that is suspended from a ceiling for 
circulating air via the rotation of fan blades.” (42 U.S.C. 6291(49)) In a test procedure final rule 
for ceiling fan light kits, DOE reinterpreted the statutory definition of a ceiling fan to include 
hugger fans and clarified that the definition also included ceiling fans capable of producing a 
large volume of airflow. 80 FR 80209 (Dec. 24, 2015).  
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3.3 PRODUCT CLASSES 

When evaluating and establishing energy conservation standards, DOE divides covered 
products into classes by (a) the type of energy used; (b) the capacity of the product; or (c) other 
performance-related features that justify different standard levels, such as features affecting 
consumer utility. (See 42 U.S.C. 6295(q)) DOE has broadly categorized ceiling fans into small-
diameter and large-diameter where small-diameter is anything less than or equal to seven feet in 
diameter and large-diameter is anything greater than seven feet in diameter. 

Currently, DOE has defined seven product classes for ceiling fans. Definitions are 
provided at 10 CFR Appendix U to Subpart B of Part 430 (“Appendix U”) and are copied below 
into Table 3.3.1 and Table 3.3.2 for reference. It should be noted that while DOE has defined 
product classes for highly decorative and belt-driven ceiling fans, DOE has not set an energy 
conservation standard for these two product classes.  

Table 3.3.1 Product Classes for Ceiling Fans  
 Product Classes Definitions* Utility 

Small-diameter  
 

Highly decorative 

A ceiling fan with a maximum rotational 
speed of 90 RPM and less than 1,840 CFM 
airflow at high speed, as determined by 
sections 3 and 4 of Appendix U 

Decorative only; air 
movement 
performance is not a 
primary feature 

Belt-driven 

A ceiling fan with a series of one or more fan 
heads, each driven by a belt connected to one 
or more motors that are located outside of the 
fan head. 

Suitable for use in 
locations with 
decorative ceilings 
that have limited 
electrical boxes; also 
highly customizable 

Very small-diameter 
(VSD) 

A small-diameter ceiling fan that is not a 
highly decorative ceiling fan or belt-driven 
ceiling fan; and has one or more fan heads, 
each of which has a blade span of 18 inches or 
less 

Suitable for use in 
places where 
traditional ceiling fans 
will not fit 

Hugger 

A low-speed small-diameter ceiling fan that is 
not a very-small-diameter ceiling fan, highly 
decorative ceiling fan or belt-driven ceiling 
fan; for which the lowest point on the fan 
blades is less than or equal to 10 inches from 
the ceiling. 

Safe to use in 
environments with 
low ceilings 

Standard 

A low-speed small-diameter ceiling fan that is 
not a very-small-diameter ceiling fan, highly 
decorative ceiling fan or belt-driven ceiling 
fan; for which the lowest point on fan blades 
is greater than 10 inches from the ceiling. 

Safe to use in 
environments where 
blades may be within 
10 feet of the floor, 
but a hugger fan is not 
required 
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 Product Classes Definitions* Utility 

High-speed small-
diameter (HSSD) 

A small-diameter ceiling fan that is not a very-
small-diameter ceiling fan, highly decorative 
ceiling fan or belt-driven ceiling fan and that 
has a blade thickness of less than 3.2 mm at 
the edge or a maximum tip speed greater than 
the applicable limit specified in the table in 
this definition** 

Suitable for use in 
environments that 
require large airflow 
volume (and smaller 
capacity than large-
diameter fans) 

Large-diameter  Large-diameter A ceiling fan that is greater than seven feet in 
diameter. 

Suitable for use in 
environments that 
require large airflow 
volume (and larger 
capacity than HSSD 
fans) 

*Product class definitions are in 10 CFR Appendix U to Subpart B of Part 430. 
**See Table 3.3.2 of this document 

 
  
Table 3.3.2  High-Speed Small-Diameter Ceiling Fan Blade and Tip Speed Criteria 

Airflow 
Direction 

Thickness (t) of edges of blades Maximum speed at tip of blades 
Mm inch m/s feet per minute 

Downward Only 4.8 > t ≥ 3.2 3/16 > t ≥ 1/8 16.3 3,200 
Downward Only t ≥ 4.8  t ≥ 3/16 20.3 4,000 

Reversible 4.8 > t ≥ 3.2 3/16 > t ≥ 1/8 12.2 2,400 
Reversible t ≥ 4.8  t ≥ 3/16  16.3 3,200 

  

3.3.1 Standard and Hugger Ceiling Fans 

Standard and hugger ceiling fans are used in residential and some commercial settings. 
They are the most common ceiling fans found in the market. Standard ceiling fans are typically 
mounted on the ceiling with a downrod. Standard ceiling fans have blade thicknesses and tip 
speeds that are safe to use in locations where blades may be within 10 feet of the floor, but a 
hugger fan is not needed. Hugger ceiling fans are typically mounted closer to the ceiling (i.e., 
without a downrod) and may be described as “low-profile” or “flush-mounted”. Hugger ceiling 
fans can be safely used in rooms with lower ceilings, where use of a standard ceiling fan can 
create safety issues. The proximity of the ceiling to the fan blades can impact the ability of air to 
reach the input side of the ceiling fan which decreases the capability of a hugger fan to 
efficiently circulate air compared to a standard ceiling fan. Therefore, DOE has established 
separate product classes for hugger and standard ceiling fans.  

3.3.2 Highly Decorative Ceiling Fans 

EPCA requires that if DOE sets energy conservation standards for ceiling fans, it must 
consider “establishing separate exempted product classes for highly decorative fans for which air 
movement performance is a secondary design feature.” (42 U.S.C. 6295(ff)(6)(B)(ii)) While 
these products meet the definition of ceiling fans, they are often considered by consumers to be 
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moving art pieces, purchased nearly entirely for their aesthetic appeal. As such, air movement is 
not a primary feature. Accordingly, DOE has established a separate product class for highly 
decorative ceiling fans that are not subject to energy conservations standards.  

3.3.3 Belt-Driven Ceiling Fans 

A belt-driven ceiling fan is a series of one or more fan heads suspended from the ceiling, 
each driven by a belt connected to one or more motors. DOE has observed that these fans are 
used in bars and restaurants that have decorative ceilings with limited electrical boxes on the 
ceiling to mount multiple conventional ceiling fans. Belt-driven ceiling fans use one or two 
motors to power one or more fan heads, eliminating the need for many electrical boxes. 
Additionally, belt-driven ceiling fans are highly customizable, in that consumers can decide on 
the number of fan heads and the kind of fan belts to use. Because these belt-driven ceiling fans 
cannot have their fan heads isolated for testing, they are exempted from DOE’s test procedure 
and DOE has not established energy conservations standards.  

Recently, DOE has received comment, and has observed, a new type of belt-driven 
ceiling fan on the market. In the December 2021 TP SNOPR, DOE noted that the new belt-
driven ceiling fans are typically single-head fans housed in a cage and mounted to the ceiling by 
straps or brackets as opposed to the traditional downrod. 86 FR 69544, 69522. DOE proposed to 
define an HSBD ceiling fan as “a small-diameter ceiling fan that is a belt-driven fan with one fan 
head and has tip speeds greater than or equal to 5,000 feet per minute.” 86 FR 69544, 69552 
DOE also proposed to define an LDBD ceiling fan as a “belt-driven ceiling fan with one fan 
head that has a represented value of blade span, as determined in 10 CFR 429.32(a)(3)(i), greater 
than seven feet.” 86 FR 69544, 69552 

Both HSBD and LDBD ceiling fans typically serve industrial applications. From the 
limited amount of manufacturer literature available, DOE observed that the airflow and power 
usage for these products is typically in line with other industrial ceiling fans. As such, DOE is 
considering establishing energy conservation standards for HSBD and LDBD ceiling fans during 
this rulemaking; however, DOE needs more data to determine an appropriate metric and a 
realistic baseline against which to evaluate energy conservation standards. DOE is not 
considering establishing energy conservation standards for belt-driven ceiling fans that do not 
meet the proposed definitions of either HSBD or LDBDs.  

3.3.4 Very Small-Diameter Ceiling Fans 

VSD ceiling fans are ceiling fans that are less than or equal to 18 inches in blade span and 
provide consumers a distinct utility from traditional ceiling fans (for example, standard and 
hugger fans), because they deliver targeted airflow that can be directed, unlike the airflow of a 
traditional ceiling fan. Also, VSD fans can be mounted in small, awkward spaces where 
traditional fans will not fit. VSD fans use high RPM AC motors to operate at high speeds, and 
they can be a single-head or multi-head fan. Therefore, these ceiling fans provide distinct utility 
to consumers, and accordingly, DOE is establishing a separate product class for VSD ceiling 
fans.  

In the December 2021 TP SNOPR, in response to stakeholder feedback, DOE noted that 
many high-speed VSD fans were “inappropriately covered and that because they provide 
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directional airflow and not ‘circulating air’, they would not be considered ceiling fans.” 86 FR 
69550. DOE proposed to amend the definition of ceiling fans to clarify that “a ceiling fan that 
has a ratio of fan blade span (in inches) to maximum rotation rate (in revolutions per minute) 
greater than 0.06 provides circulating air. Id. at 69567 

All VSD fans that DOE has identified have a diameter-to-maximum operating speed ratio 
of less than or equal to 0.06 in/RPM. Therefore, DOE expects that there are zero fans that meet 
the proposed definition of circulating air and the current definition of VSD fans. DOE has 
included VSD fans in this preliminary analysis since the proposed definition for circulating air 
has not yet been finalized.  

3.3.5 High-Speed Small-Diameter Ceiling Fans 

HSSD fans are equal to or less than 7 feet in blade span, operate at high RPM have a high 
CFM capacity, and typically have blades made of metal. HSSD fans are usually installed high 
above the ground and are suitable for use in commercial and industrial applications, unlike 
standard and hugger ceiling fans. HSSD fans would not be suitable for use in residential settings 
because installing them close to the ground can cause safety issues. Therefore, these ceiling fans 
provide a distinct utility to consumers, and accordingly, DOE has established a separate product 
class for HSSD ceiling fans. 

3.3.6 Large-Diameter Ceiling Fans 

Large-diameter ceiling fans usually have metal blades and are typically available in either 
8-foot, 10-foot, 12-foot, 14-foot, 16-foot, 18-foot, 20-foot, or 24-foot diameters. These fans 
provide a higher capacity than small-diameter ceiling fans. Due to their size, large-diameter 
ceiling fans create high airflow and are suitable for use in large commercial or industrial spaces 
such as gyms, libraries, manufacturing facilities, or warehouses. However, these fans may also 
be installed in homes. Large-diameter fans tend to operate at low RPM and use 1/6 to 2 
horsepower motors. Therefore, these ceiling fans provide a different capacity (with larger blade 
span), and distinct utility to consumers, and accordingly, DOE has established a separate product 
class for large-diameter ceiling fans. 

3.4 MARKET ASSESSMENT 

The following market assessment for ceiling fans identifies the relevant manufacturer 
trade groups and domestic manufacturers; discusses manufacturer market share, regulatory 
programs, and non-regulatory initiatives; and provides historical shipment data and product 
lifetime estimates.a  

3.4.1  Manufacturer Trade Groups 

DOE recognizes the importance of trade groups in disseminating information and 
promoting the interests of the industry that they support. DOE identified the American Lighting 
Association (ALA) and Air Movement and Control Association (AMCA) as the primary groups 
that support and have interest in ceiling fans. 
                                                 
a As defined by 42 U.S.C 6291 (10), the term “manufacture” means to manufacture, produce, assemble, or import. 
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ALA is a trade organization that represents lighting and ceiling fan manufacturers, 

designers, retail showrooms, and distributors working to promote the sale and proper use of 
quality residential lighting products. ALA provides specific information regarding the selection, 
benefits, and proper use of ceiling fans. ALA also advocates the interests of the industry 
regarding federal and state legislative and regulatory issues.  

 
AMCA is an international association of manufacturers, whose members include fan 

manufacturers and other types of air system equipment manufacturers. AMCA publishes 
standards and manuals for air systems, as well as tests and certifies ratings for these products.  

3.4.2 Manufacturers and Market Shares 

This section describes ceiling fan distribution channels, manufacturers and their market 
shares, historical shipments, saturation levels, and product lifetimes.  

3.4.2.1 Distribution Channels for Standard, Hugger, and Very Small Diameter 
Ceiling Fans 

Standard, hugger, and VSD ceiling fans are passed from manufacturers to end users 
through three major distribution channels. First, manufacturers may sell the product to a ceiling 
fan and lighting showroom, who then sells it to a consumer. Second, a manufacturer may sell the 
ceiling fan to an electric wholesaler, who in turn sells it to a contractor, who sells it to the end 
user. Finally, for the majority of standard, hugger, and VSD ceiling fans, a manufacturer sells the 
ceiling fan to a retailer, such as a home center, who sells it to a consumer. Within the retailer 
distribution channel, there is significant percentage of ceiling fans that are sold under private 
label brand names, in which the factory has a direct relationship with the retailer.  

 
Brick-and-mortar retailers have a physical retail building that consumers can visit to view 

products and make purchases. There are several sub-types in this category, including: 
 

• Mass market retailers—national chain stores such as home centers, discount stores, and 
hardware stores;  

• Regional stores, which may have multiple outlets like the mass market retailers, but are 
limited to a single region;  

• Specialty stores, which usually offer a broad range of products in a narrow product 
category and can be mass market, regional, or independent owners having a single retail 
outlet; and 

• Club or warehouse stores, which require a membership fee for customers to gain access 
to the goods, where products are usually sold in bulk.  
 
While mass market retailers dominate the ceiling fan market, ceiling fans are increasingly 

sold online. Online sellers can be brick-and-mortar retailers that also participate in online sales or 
dedicated online retailers, such as Amazon or Wayfair.  
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DOE considered national data from the NPD Group, a market information service, to 
describe retailers’ market shares.b Data from the NPD Group includes information on consumers 
who purchased ceiling fans from retailers and lighting showrooms. However, the data may not 
account for consumers who purchased a new home with a new ceiling fan installed. The data 
indicate that mass market retailers, such as Home Depot, Lowe’s, and Wal-Mart, comprised a 
significant percentage of the retail market for standard, hugger, and VSD ceiling fans in the 
United States in 2011. In private interviews, manufacturers generally agreed that the standard, 
hugger, and VSD market is still dominated by a few large mass market retailers.  

3.4.2.2 Distribution Channels for Large-Diameter Ceiling Fans 

DOE learned from manufacturer interviews that end users generally purchase large-
diameter ceiling fans through two distribution channels: (1) directly from the manufacturer 
through their own in-house dealer or (2) from a dealer or retailer who purchased it from the 
manufacturer.  

3.4.2.3 Major Manufacturers  

DOE compiled public data from the DOE’s CCMS ceiling fan database to establish the 
percentage of basic model numbersc available on the market for each brand.1 The CCMS 
database contains over 100 unique brand names and over 3,500 unique basic model numbers. 
Seven brands offered over 50% of the total number of basic models: Hunter, Home Decorators 
Collection, Craftmade (a subsidiary of Litex), Casa Vieja, Hampton Bay, Big Ass Fans, and 
Harbor Breeze. The percentages of basic models in the database for each brand are listed in 
Table 3.4.1. Brands with under 2% basic model share are grouped together as “Other”.  

 

                                                 
b NPD does not collect point-of-sales data for ceiling fans and ceiling fan light kits. Instead, it surveys a 
representative sample of consumers who recently purchased a ceiling fan. 
c The term “basic model” is defined in 10 C.F.R. section 430.2 as “all units of a given type of covered product (or 
class thereof) manufactured by one manufacturer; having the same primary energy source; and which have 
essentially identical electrical, physical, and functional (or hydraulic) characteristics that affect energy consumption, 
energy efficiency, water consumption or water efficiency.” For example, ceiling fans made by the same 
manufacturer that have different model numbers, have the same essential design, and only differ in diameter would 
fall under the umbrella of one basic model. 
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Table 3.4.1 Percentages of Basic Models in the CCMS Database by Brand 
Rank Brand Percentage of Basic Models (%) 

1 Hunter 22.68 
2 Home Decorators Collection 5.86 
3 Craftmade 5.58 
4 Casa Vieja 4.11 
5 Hampton Bay 4.05 
6 Big Ass Fans 4.00 
7 Harbor Breeze 3.78 
8 Westinghouse 3.33 
9 Kichler 3.05 

10 Prominence Home 2.58 
11 Progress Lighting 2.53 
12 Fanimation 2.47 
13 Savoy House 2.14 
14 Patriot Lighting 2.03 
15 Emerson/Kathy Ireland by Luminance Brands 2.00 
- Other 29.82 

Percentage of Basic Models for Top 7 Brands 50.06% 
Percentage of Basic Models for Top 3 Brands 34.12% 

Source: DOE CCMS database. December 9, 2021 

 
DOE notes that the data in the CCMS database is for the number of individual basic 

models available for sale and not the number of models sold. The number of basic models sold 
can deviate significantly from the number of basic models, as retail prices for many ceiling fans 
are less than $129. Data from NPD Group indicates that six brands represented more than half of 
standard, hugger, and VSD ceiling fan sales in the United States in 2011: Casablanca, Emerson, 
Hunter Fans, Hampton Bay, Harbor Breeze, and Westinghouse.d Of these six brands, three 
(Hunter Fans, Hampton Bay, and Harbor Breeze) represented more than 45 percent of the market 
in 2011 (see Figure 3.4.1). Hampton Bay is a Home Depot brand, and Harbor Breeze is a Lowe’s 
brand. Casablanca is owned by Hunter Fans.  

 
 

                                                 
d Consumer survey data for 2011 purchased from NPD Group, Inc. 
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Figure 3.4.1 Market Shares of Standard, Hugger, and VSD Ceiling Fan Manufacturers in 

2011 
 

Most small-diameter ceiling fans available on the U.S. market are manufactured in Asia 
by a variety of manufacturers (i.e., factories) of various sizes, some of which maintain a steady 
presence in ceiling fan manufacturing and some of which remain only for a short time. 
Sometimes more than one factory supplies the same ceiling fan model, and the same factory may 
make ceiling fans for multiple brands.e For example, in the CEC Modern Appliance Efficiency 
Databasef, the Home Depot brand name (Hampton Bay), is certified as being manufactured by 
Air Cool Industrial Co., Ltd, GD Midea Environment Appliances MFR Co., Ltd., King of Fans, 
Progress Lighting, Sienhua Group North America, and Summer Wind International, Ltd. 

 
Because small-diameter ceiling fans have different designs, use different materials, and 

have smaller than large-diameter ceiling fans, many small-diameter ceiling fan manufacturers do 
not specialize in manufacturing large-diameter ceiling fans. Therefore, DOE also identified 
manufacturers who specialize in manufacturing large-diameter ceiling fans. Some of these 
manufacturers are: Big Ass Fan Co., MacroAir Technologies, Inc., Rite-Hite, Humongous Fan 
Co., Patterson Fan Co., and SkyBlade Fan Company. Large-diameter ceiling fans are less 
commoditized than small-diameter ceiling fans and, as such, are more frequently manufactured 
in the United States.  

                                                 
e Opinion Dynamics Corporation for The Consortium for Energy Efficiency, Residential Lighting Fixture Market 
Assessment: Ceiling Fans and Outdoor Lighting (2000). 
f CEC MAEDBS. Accessed: January 20, 2022. 



3-10 

3.4.3 Regulatory Programs 

Several state, federal, and international regulatory programs affect the markets for ceiling 
fans. The following section summarizes U.S. regulatory initiatives relevant to the ceiling fans 
covered by this rulemaking. While the following discussion is not exhaustive in describing all 
regulatory action related to ceiling fans, it provides detail on some notable initiatives that 
characterize recent developments in the market. 

3.4.3.1 U.S. Department of Energy 

The U.S. federal government regulates efficiency for standard, hugger, VSD, HSSD, and 
large-diameter ceiling fans. The efficiency standards for all small-diameter ceiling fans are in 
terms of CFM/W and the minimum efficiency standard varies according to the product blade 
span. For large-diameter ceiling fans, Congress amended section 325(ff)(6) of EPCA in Section 
1008 of the Energy Act of 2020 to state that large-diameter ceiling fans manufactured on or after 
January 21, 2020 are required to meet minimum energy efficiency requirements in terms of the 
CFEI metric, rather than the CFM/W metric. Congress also amended the efficiency standards for 
large-diameter ceiling fans. The current U.S. DOE energy efficiency standards are set forth in 
DOE’s regulations at 10 CFR 430.32(s) and are summarized in Table 3.4.2. 

Table 3.4.2  Federal Energy Conservation Standards for Ceiling Fans 
Product class as defined in Appendix U 

[of 10 CFR 430.32(s)] Minimum Efficiency (CFM/W)1 

Very small-diameter (VSD) 
D ≤ 12 in.: 21. 
D > 12 in.: 3.16D - 17.04. 

Standard 0.65D + 38.03. 
Hugger 0.29D + 34.46 
High-speed small-diameter (HSSD) 4.16D + 0.02. 
1D is the ceiling fan’s blade span, in inches, as determined in Appendix U of [10 CFR 
430.32(s)]. 
Product class as defined in Appendix U 

[of 10 CFR 430.32(s)] Minimum Efficiency (CFEI) 

Large-Diameter Ceiling Fans 

1.00 at high speed 
1.31 at 40 percent speed or the nearest 
speed that is not less than 40 percent 
speed.  

 

3.4.3.2 California Title 20 

California’s Office of Administrative Law (OAL) enacts statewide regulatory programs 
published in the California Code of Regulations (CCR). CCR Title 20, Division 2, Chapter 4, 
Article 4 contains appliance efficiency regulations for ceiling fans, last revised in March 2021. 
This law applies to new ceiling fans that are offered for sale or sold in California for use in 
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California, excluding use in mobile equipment such as recreational vehicles. This law requires 
ceiling fans that are not hugger fans to be tested following 10 CFR Section 430.23 (w) 
(Appendix U to subpart B of Part 430; 2008). Under this article, there are no energy conservation 
standards that are federally or non-federally regulated. Yet, there are federally and non-federally 
regulated energy design standards applicable to ceiling fans manufactured on or after January 1, 
2007. These design standards consist of having fan speed controls independent of lighting 
controls, adjustable speed controls, and a reversible mode. Fans that would violate safety 
standards with a reversible mode or fans used in industrial or outdoor applications are exempt 
from having reversible fan functions. Additionally, manufacturers of ceiling fans with diameters 
greater than 50 inches must clearly display the high-, medium-, and low-speed airflows in CFM 
and efficiencies in CFM/watt (W) on the package.  

3.4.3.3 Federal Trade Commission  

Under the Energy Policy Act of 2005, the Federal Trade Commission (FTC) first 
amended the Appliance Labeling Rule to include requirements for energy labeling of ceiling 
fans. 71 FR 78057 (December 28, 2006). The rule requires manufacturers to show ceiling fan 
energy usage and efficiency by affixing labels on ceiling fan packages and providing product 
information in paper and online catalogs. This rule specifies that manufacturers must report 
airflow in CFM, electricity usage in watts, airflow efficiency in CFM/W, and the range of 
airflow efficiencies for standard-size fans on the market. To obtain the product information, 
manufacturers are required to test the ceiling fan at high speed while following DOE test 
procedures. In addition to having product information on labels and in catalogs, manufacturers 
are also required to submit the information to the FTC. The current FTC labeling requirements 
are provided at 16 CFR 305.21.  

3.4.3.4 Underwriters Laboratory Safety Requirement 

Underwriters Laboratory (UL) is a safety organization that develops standards for safety 
requirements of electric fans, which include ceiling fans. Ceiling fans in this rulemaking are 
referred to as ceiling-suspended fans in UL 507. UL 507 requires that the distance between the 
floor and fan blades be greater than 7 feet if the maximum blade tip speed (determined by blade 
thickness) does not exceed the values shown in Table 3.4.3, and greater than 10 feet if the 
maximum blade tip speed exceeds the values shown in Table 3.4.3. The newest edition of UL 
507 was published on November 9, 2017.  

 
Table 3.4.3  UL 507 Ceiling Fan Blade and Tip Speed Criteria 

Airflow 
Direction 

Thickness (t) of edges of blades Maximum speed at tip of blades 
Mm inch m/s feet per minute 

Downward 4.8 > t ≥ 3.2 3/16 > t ≥ 1/8 16.3 3,200 
Downward t ≥ 4.8  t ≥ 3/16 20.3 4,000 

Upward 4.8 > t ≥ 3.2 3/16 > t ≥ 1/8 12.2 2,400 
Upward t ≥ 4.8  t ≥ 3/16  16.3 3,200 
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3.4.4 Non-Regulatory Initiatives 

DOE reviewed several national, regional, and local voluntary programs that promote the 
use of energy efficient ceiling fans in the United States. The following section summarizes these 
programs relevant to the ceiling fans covered by this rulemaking.  

3.4.4.1 ENERGY STAR 

ENERGY STAR® is a joint program of DOE and the Environmental Protection Agency 
(EPA) designed to protect the environment by promoting energy-efficient products and 
practices.2 The ENERGY STAR program works to recognize products that meet or exceed the 
ENERGY STAR levels, which exceed federal minimum standard levels. ENERGY STAR 
specifications exist for many products, including ceiling fans. To qualify for the ENERGY 
STAR label, ceiling fans must meet the criteria specified in ENERGY STAR Residential Ceiling 
Fan version 4.0, which was revised in September 2017 and became effective June 15, 2018. The 
guidelines specify that ceiling fans must meet the efficiency levels shown in Table 3.4.4.3 
 
 
Table 3.4.4  ENERGY STAR Residential Ceiling Fan Airflow Efficiency Requirements 

Ceiling Fan 
Type Blade Span Minimum Airflow 

CFM 
Minimum Efficiency 

CFM/W 

Standard and 
Low-Mount 

HSSD Ceiling 
Fans 

D ≤ 36 inches ≥ 0.72*D + 41.93 ≥ 1767 

36 inches < D < 78 inches 
≥ 2.63*D – 26.83 

≥ 250*π*(D/24)2 

D ≥ 78 inches ≥ 8296 

Hugger Ceiling 
Fan  

D ≤ 36 inches ≥ 0.31*D + 36.84 ≥ 1414  
36 inches < D < 78 inches 

≥ 1.75*D - 15 
≥ 200*π*(D/24)2 

D ≥ 78 inches ≥ 6637 
 

 
ENERGY STAR partners who manufacture ceiling fan products qualified for ENERGY 

STAR version 4.0 are provided in the following list.4 Note that this list is updated regularly as 
new products are certified. 

 
• Aeratron Pty Ltd 
• American De Rosa Lamparts, LLC (dba 

Luminance Brands) 
• Artika for Living Inc. 
• Big Ass Fans 
• Carro USA Inc.  
• Davis Lighting, LLC 
• Ellen Lighting, Inc. 
• Fanimation Inc. 
• Greenheck Fan Corporation 

• Hunter Fan Company 
• JiangMen MagicPower Electrical 

Appliances Co., Ltd. 
• Kichler Lighting 
• Litex Industries, Inc./ Ellington Fans 
• Minka Group 
• Palm Coast Imports 
• Progress Lighting 
• Royal Pacific Ltd. 
• Scadlock Inc. 
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• Sunway Fan Company, Inc. 
• Taishan Sigma Electric Products Co, 

LTD 
• The Home Depot 

• Visual Comfort and Company 
• WAC Lighting 
• Westinghouse Lighting Corporation 

 

3.4.4.2 Air Movement and Control Association  

 
As mentioned in section 3.4.1, AMCA tests and certifies the ratings of air system 

equipment products, which include ceiling fans. For performance rating and certification 
purposes, AMCA established standards (ANSI/AMCA 230) for testing air circulating fans, 
which include ceiling fans that are less than 6 feet in diameter. Members of AMCA approved the 
standard as a uniform method of testing air circulating fans on February 11, 2007. Subsequently, 
the American National Standards Institute (ANSI) approved this standard as an American 
National Standard, which became effective on September 20, 2007.The revision to the standard 
in 2015 was also approved by ANSI on October 16, 2015. AMCA published a technical erratum 
for ANSI/AMCA 230-15 on May 5, 2021. 

3.4.5 Historical Shipments  

In evaluating overall U.S. shipments of standard, hugger, and VSD ceiling fans, DOE has 
used data from the January 2017 Final Rule for 1991 through 2012.5 ENERGY STAR Unit 
Shipments reportsg were used to establish historical shipments for 2013 through 2020, with the 
exception of 2019, which was deemed an outlier.6 For 2019, DOE instead interpolated between 
the shipments estimates from 2018 and 2020.  

 
For large-diameter ceiling fans, DOE used historical shipments data from the January 

2017 Final Rule for 1991 through 2012, along with shipments projections developed for that 
rulemaking in years 2013 through 2020. DOE did not find data on overall U.S. shipments for 
HSSD ceiling fans.  

 
DOE collated the data sets for their different time periods and different methodologies 

based on considering the market from different viewpoints. More information about these data 
and DOE’s analysis can be found in Chapter 9 of this TSD. Additionally, DOE examined 
historical market compositions by ceiling fan characteristic, such as blade span.  

  
  

 
  

                                                 
g ENERGY STAR takes partner-reported data to be representative of qualified ceiling fan shipments without 
adjusting for partners who do not report their shipments. This means that the ENERGY STAR data represent a 
conservative estimate, although the response rate among ceiling fan manufacturers is typically high, for example, 89 
percent in 2010. In order to estimate the market share of ENERGY STAR-qualified ceiling fans, ENERGY STAR 
estimates U.S. shipments based on modeled and documented data. Ceiling fan industry data are used as a direct 
input whenever possible and compared to forecast assumptions to ensure data comparability. Industry sources may 
include ceiling fan manufacturer associations, publications, and commercially available market research. 
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ENERGY STAR shipments and market share data are reported for two categories, 
namely ENERGY STAR-qualified ceiling fans with and without light kits, as shown for years 
2013 through 2020 in Table 3.4.5. As noted above, the 2019 data were deemed an outlier, and 
therefore DOE has estimated 2019 ENERGY STAR shipments and market share by interpolating 
between the 2018 and 2020 data. ENERGY STAR shipments are divided by estimated market 
share to approximate the total U.S. shipments for ceiling fans with and without light kits. 
However, due to a small sample size in the ENERGY STAR data, errors in the extrapolation of 
shipments data may result that may affect the proportion of ceiling fans without light kits to 
ceiling fans with light kits in the ENERGY STAR data.  

 
Table 3.4.5 Historical Shipments and Market Shares of ENERGY STAR-Qualified 

Products  
 Ceiling Fans Only Ceiling Fans with Light Kits  

# of Manuf. % of 
responses 

Year 

Reported 
ENERGY 

STAR 
Shipments 

Total 
Shipments 

Estimated 
ENERGY 

STAR 
Market 

Share (%) 

Reported 
ENERGY 

STAR 
Shipments 

Total 
Shipments 

Estimated 
ENERGY 

STAR 
Market 

Share (%) 

2013 2,142,000 7,933,333 27 576,000 9,600,000 6 46 89 

2014 1,665,000 7,928,571 21 388,000 9,700,000 4 45 84 

2015 2,069,000 8,276,000 25 526,000 10,520,000 5 40 88 

2016 1,597,000 7,985,000 20 490,000 9,800,000 5 42 90 

2017 1,541,000 2,334,848 66 496,000 16,533,333 3 42 86 

2018 853,000 2,369,444 36 468,000 15,600,000 3 35 91 

2019
* 541,500* 2,334,722* 523* 423,500* 17,275,000* 2.5* 15 100 

2020 230,000 2,300,000 10 379,000 18,950,000 2 20 100 
Source: http://www.energystar.gov/index.cfm?c=partners.unit_shipment_data.  
*2019 data was determined by interpolating between 2018 data and 2020 data 

 
DOE also examined market shares on the basis of blade span. NPD data for standard and 

hugger fan market share by blade span between 2007 and 2011 are displayed in Figure 3.4.2 and 
Table 3.4.6. Greater than 50 percent of standard and hugger ceiling fans sold have blade spans 
between 42 and 52 inches. About 20 percent of standard and hugger fans have blade spans 
between 30 and 40 inches. Less than 10 percent of standard and hugger fans sold are greater than 
54 inches. 

 
 

http://www.energystar.gov/index.cfm?c=partners.unit_shipment_data


3-15 

 
Figure 3.4.2 Market Shares of Standard and Hugger Ceiling Fans by Blade Span for 

2007–2011  
 

Table 3.4.6 Market Share of Standard and Hugger Ceiling Fans by Blade Span 
Ceiling Fan 

Size 2007 % 2008 % 2009 % 2010 % 2011 % 

30-40 in. 18 19 21 22 23 
42-52 in. 51 53 51 51 51 
54 in. or larger 8 8 7 7 9 
Don't know 4 5 6 6 5 
Not specified 19 15 17 15 11 
Source: NPD (2007–2011) 
Note: Values may not add to 100% due to rounding 

3.4.6 Saturation and Usage of Standard and Hugger Ceiling Fans  

According to the 2015 Residential Energy Consumption Survey (RECS),7 72 percent of 
U.S. homes had standard or hugger ceiling fans in 2015. Ownership varied significantly by 
region, ranging from 54 percent to 88 percent. Figure 3.4.3 shows U.S. standard and hugger 
ceiling fan ownership by region.  
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Figure 3.4.3 U.S. Standard and Hugger Ceiling Fan Ownership by Region and Average 

Number of Ceiling Fans per Household  
 
Figure 3.4.4 shows usage variation by region based on the 2009 RECS.8 Usage variation 

by region was not collected for the 2015 RECS, but DOE is unaware of any significant changes 
in usage variation since the 2009 RECS. DOE did not receive any indication in either public 
comment or manufacturer interviews that there has been a notable shift in ceiling fan usage.  
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Figure 3.4.4 U.S. Standard and Hugger Ceiling Fan Usage by Region in 2009 

3.4.7 Product Lifetime 

DOE investigated the life expectancy of ceiling fans. Data from Appliance Magazine 
suggested significant variation in the life expectancy of standard and hugger ceiling fans, 
between 7 and 18 years.h As described in chapter 8 of this TSD, DOE used data from an LBNL 
study on the age of ceiling fans in U.S. households.9 This information was used to estimate the 
lifetime distribution for ceiling fans, with a mean lifetime of 13.8 years and a median lifetime of 
13.0 years. Ceiling fan motors often come with a limited lifetime warranty for the motor, and a 
30-year warranty is required for the motor in order for a ceiling fan to qualify for ENERGY 
STAR. Due to aesthetic updates, ceiling fans will most likely be retired before failing. DOE 
considers the retirement age to be the lifetime of the product in the analyses presented in this 
TSD. 

 
Large-diameter ceiling fan specification sheets indicate that warranties for these fans 

range from 10 through 15 years, or a minimum warranty of 50,000 hours. This is similar to the 
lifetime found for standard and hugger ceiling fans. Therefore, DOE will assume that large-
diameter fans have the same lifetimes as standard and hugger ceiling fans.  

 
DOE has not found significant data on life expectancy of VSD ceiling fans. Therefore, 

DOE will assume that these fans have the same lifetimes as standard and hugger ceiling fans. 

                                                 
h Estimates represent expert judgment of Appliance Magazine staff. 

Source: RECS, 2009 
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3.5 TECHNOLOGY ASSESSMENT 

The purpose of the technology assessment is to develop a preliminary list of technologies 
that could be used to improve the efficiency of ceiling fans. The following assessment provides a 
description of the basic construction and operation of ceiling fans, followed by technology 
options to improve efficiency. 

3.5.1 Basic Structure and Operation of Ceiling Fans 

In preparation for the screening and engineering analyses, DOE prepared a brief 
description of the characteristics and operation of the ceiling fans covered by this rulemaking. 
These descriptions provide a basis for understanding the technologies used to improve product 
efficiency. 

The two main components of ceiling fans are the motor and the blades. The resulting 
airflow from ceiling fan operation mainly depends on the design of these two components. 

The primary component of ceiling fan motors is the rotor that converts electromagnetic 
force into mechanical rotation to drive the fan blades. The rotor consists of a stack of steel sheets 
that have slots set at a specific angle and are injected with conductive material. The stator 
contains the main and auxiliary windings that create the magnetic force used to drive the fan 
rotor. Magnetic force travels along the stationary slots of the stator to the rotor through the air 
gap between stator and rotor, driving the rotor. Higher quality motors tend to use silicon steel, 
which reduces power loss in the rotor compared to cold-rolled steel, which is often used in less 
expensive motors.  

The most common small-diameter ceiling fan motor is a single-phase induction motor 
(permanent-split capacitor type) with an external rotor. Most induction motors are mounted 
directly to the fan blades. This configuration is known as direct drive, meaning that the fan and 
motor rotate at the same speed. In principle, ceiling fans could attach the fan blades to the motor 
via a geared mechanism that allows the fan blades to rotate at a different speed than the motor.  

Three-phase induction motors are commonly used in large-diameter ceiling fans. 
However, these motors require the use of a gearbox to control the fan rotation speed.  

There are many blade characteristics, such as blade pitch, blade shape and width, number 
of blades, blade span, and RPM, that contribute to ceiling fan operation. RPM is the number of 
blade rotations in a minute and a measure of the ceiling fan speed. The blade pitch is the angle of 
the blade relative to the fan. The steeper the blade pitch, the more air the blade will move with 
each sweep. A steep pitch, however, also increases the amount of energy required to move the 
fan. As with pitch, the shape and width of the fan blade will have a large impact on the amount 
of air the fan can move, and the energy needed to move it. A wider blade will move more air, but 
it will place a greater burden on the motor. The number of blades affects the efficiency, RPM, 
and air noise. Fewer blades may increase air noise due to the increased RPM. As with wider 
blades, longer blades may place a greater burden on the motor or require a larger motor. In 
standard, hugger, and VSD ceiling fans, typically all of these blade characteristics are optimized 
to achieve an airflow that is sufficient for consumers, meets minimum energy conservation 
standards, and achieves a given aesthetic design. For large-diameter ceiling fans, blade aesthetics 
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are less of a factor and blades are usually optimized to maximize airflow, provide durability in 
industrial settings, and minimize noise. 

Ceiling fans are available with a wide range of blade spans. Selection of ceiling fan size 
depends on the size of the room in which the fan will be used. Guidelines for selection of the 
correct fan size are available.i Ceiling fans cool the occupants directly beneath them, so larger 
fans will cool a larger occupied area.  

3.5.2 Technology Options for Ceiling Fans 

The purpose of the technology assessment is to develop a list of technology options that 
manufacturers can use to improve product efficiency. The following assessment describes 
technology options for ceiling fans. DOE evaluate efficiency-improving technologies that are 
currently available and incorporated in fans today.  

 
To evaluate the effects of blade design on energy efficiency, DOE researched the 

relationship between blade span and energy efficiency and has found that, for all types of ceiling 
fans, efficiency tends to increase with blade span. To further investigate this, DOE considered 
airflow and power separately and has found that both of these parameters increase with blade 
span. However, because blade span can be thought of as the capacity of a ceiling fan, DOE is not 
considering blade span as a technology option. The effect of blade span on efficiency is 
accounted for in the engineering analysis, presented in chapter 5 of this TSD. 

3.5.2.1 More Efficient Motors 

The electric motor that powers the fan is among the most important factors in 
determining the energy efficiency of a ceiling fan. Different types of ceiling fan motors are 
capable of different levels of electrical efficiency. This section discusses the types of motors that 
can be used in ceiling fans.  

Small-diameter ceiling fans 
 

As discussed previously, small-diameter ceiling fan blades are mounted directly to the 
motor shaft instead of the blades being attached using a geared mechanism. In this configuration, 
called direct drive, the fan blades rotate at the same speed as the motor. The motors used for 
small-diameter ceiling fans provide enough torque to spin the blades without the use of a 
gearbox. Motor technology options that may be used to improve the efficiency of small-diameter 
ceiling fans are discussed below. 

Larger direct drive single-phase induction motors  

Direct drive, single-phase, PSC motors with an external rotor are the most common type 
of motor used in ceiling fans. Small-diameter ceiling fan motors are generally described by their 
stator diameter and lamination stack height rather than their HP. They typically have a flat, 
pancake-style construction, with standardized stator diameters ranging from 153 millimeters 

                                                 
i See for example: www.energystar.gov/index.cfm?c=ceiling_fans.pr_ceiling_fans_basics 
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(mm) to 212 mm and stack heights ranging from 10 mm to 25 mm. Their HP values range from 
1/60 HP to 1/3 HP.  

Larger direct drive motors have increased mass and/or use steel with better energy 
efficiency characteristics for the stator and rotor stack. These motors also typically have 
improved lamination design which increases the cross section and/or length of the copper wiring 
inside the motor. In most cases, increasing the motor size will require increasing the stator 
diameter or the stack height of the motor (e.g., going from a 153mm x 15 mm motor to a 172mm 
x 14mm motor). While larger motors are more efficient, they also use more material and 
therefore are more expensive. Use of a larger motor may require a ceiling fan manufacturer to 
redesign the motor housing and/or reoptimize the fan. 

BLDC motor  

BLDC motors are electronically commutated, synchronous motors with permanent 
magnets embedded in or on their rotors. Their stators, which house the windings through which 
the electronic current flows, are external to the rotor. No electric current flows through the rotor 
itself, which reduces rotor losses compared to induction motors and improves efficiency. BLDC 
motors are driven by a converter plus inverter combination control system, which converts the 
AC power supplied by a building into DC power and controls the power flow into the motor to 
create continuously switching currents in the motor phases. This switching process is referred to 
as electronic commutation, and it creates a rotating magnetic field that drives the rotation of the 
motor. BLDC motors are “synchronous” in that their rotors spin at the same speed as the rotating 
magnetic field. BLDC motors are typically smaller, quieter, and much more efficient than 
induction motors.  

Fans with BLDC motors tend to be higher-end products, and the increase in efficiency is 
likely attributable not only to the motor type but also to other design features (e.g., blade shape 
and number of blades). However, BLDC motors usually have a higher cost than induction 
motors, due in part to the electronic controls required to run the motor.  

 

Large-diameter ceiling fans  
More torque is required to spin the blades of large-diameter ceiling fans than small-

diameter ceiling fans. Because of this, the motors used to drive large-diameter ceiling fans have a 
greater horsepower (typically 0.5-2 HP) than those used for small-diameter ceiling fans. An 
electronic drive system is usually used for these motors, since they can receive a range of 
voltages and both single and three-phase input signals.  

Three-phase geared induction motor 

Three-phase induction motors are the baseline technology option for large-diameter 
ceiling fans. These motors utilize three-phases of AC power, phase shifted from each other by 
120 degrees. The three phases allow the motor to produce a more consistent torque than single-
phase induction motors, though the construction of three-phase motors is more complex.  

These motors typically use a gearbox to lower the rotational speed. This is because the 
induction motors within this category are powerful enough to produce the necessary torque to 
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spin a large-diameter ceiling fan, but their rotational speed is too high for use in a direct drive 
configuration. The gearbox reduces the speed of the fan relative to the speed of the motor, while 
maintaining the necessary torque. This allows the fan to operate at the desired speed. However, 
the gearbox reduces the efficiency of the fan due to energy losses in the gearbox, with 5 to 35 
percent of electrical energy being lost.10 Geared motors also produce more noise than direct drive 
motors, and the gearbox can require maintenance and lubrication.  

Three-phase geared Premium induction motor 

Premium AC motors are three-phase induction motors that qualify for the NEMA 
Premium® efficiency standard. A motor can be marketed as a NEMA Premium motor if it meets 
or exceeds a set of minimum full-load efficiency levels.11 Such NEMA motors are available in 
integral horsepower capacities (i.e., greater than or equal to 1 hp). Such motors are typically 
paired with a gearbox to lower the rotational speed of the fan blades.  

Premium AC motors have a higher efficiency than typical three-phase induction motors. 
Higher efficiency is achieved by increasing the amount of magnetic material in the motor; using 
higher-quality magnetic materials, like premium steel; using a copper rotor or incorporating 
copper bars into the rotor which decreases the air gap between the rotor and the stator; 
optimizing the motor design to improve cooling; and increasing the number of windings.12 
However, the use of more material and higher-quality material causes Premium AC induction 
motors to be more expensive than baseline three-phase induction motors, and typically causes 
them to be relatively large in size.  

Permanent magnet direct drive motor 

Permanent magnet motors are electronically commutated motors constructed with a 
permanent magnet embedded in or on their rotor to create a constant magnetic field. The rotor 
spins in a synchronous manner (i.e., the motor rotates at the same speed as the revolving 
magnetic field), which is why these motors are sometimes referred to as “permanent magnet 
synchronous motors.” Permanent magnet motors require less electricity and less copper wiring to 
produce the same amount of power as a traditional induction motor. No electric current flows 
through the rotor itself, which reduces rotor losses and allows permanent magnet motors to be 
significantly more efficient than induction motors. Another advantage of these motors is that 
they tend to be smaller and make less noise than induction motors. However, permanent magnet 
motors are more expensive than induction motors, and their construction is more complex due to 
the electronic controls required to run them. Permanent magnet motors do not require a gearbox 
to effectively rotate the blades of a large-diameter ceiling fan, so they are always used in a direct 
drive configuration. This further improves the efficiency of permanent magnet motors relative to 
induction motors for large-diameter ceiling fans because there are no energy losses through a 
gearbox. 

Several types of permanent magnet direct drive motors are currently used in the large-
diameter ceiling fans industry, including BLDC, permanent magnet AC, and transverse flux. The 
primary difference between these motors is their winding configuration, which dictates whether 
the motor should use AC or DC power for commutation and the direction of the magnetic flux. 
The terminology for these motor types, particularly BLDC motors and permanent magnet AC 
motors, is often used equivalently. These motors all rely on electronic drives and permanent 
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magnets. To avoid confusion with the small-diameter ceiling fan BLDC motors, DOE will use 
permanent magnet direct drive motor to refer to all permanent magnet motors used in large-
diameter ceiling fans.  

3.5.2.2 More Efficient Blades 

Modifying the configuration or design of ceiling fan blades can reduce the energy 
consumed by the motor by reducing drag and/or increasing air movement. Optimizing fan blade 
design and configuration requires a delicate balance between many, sometimes conflicting, 
elements. Therefore, obtaining optimal ceiling fan efficiency may involve modifying multiple 
aspects of ceiling fan blades. 

 
For example, the steeper the blade pitch of a flat blade, the more air the blade will move 

with each sweep. Blade pitch, however, also increases the amount of energy required to move the 
fan. Therefore, it is critical to maximize the blade pitch without overworking the motor. Because 
the optimal pitch depends on the size, shape, and speed at which a ceiling fan operates, it is 
difficult to isolate it as a separate variable, and instead, DOE has incorporated more efficient 
blades into the general category of fan blade shape. 

 
Blade design (the shape, weight, and aerodynamic drag of a ceiling fan blade) can 

significantly affect efficiency, with reported examples demonstrating more than a doubling of 
efficiency.j Advanced fan blade technologies consist of modified structural configurations of the 
blade shape to minimize drag and maximize air displacement. This section discusses several 
types of blade design modifications that can increase fan efficiency. 

Curved blades  
Curved blades increase ceiling fan efficiency by reducing drag and therefore reducing 

power consumption. Curved blades are blades for which the centerline of the blade cross section 
is cambered. Curved blades generally have uniform thickness and no significant internal volume.  

 

Airfoil blades  
Airfoil blades also increase ceiling fan efficiency by reducing drag and therefore reducing 

power consumption. Airfoil blades use curved surfaces to improve aerodynamics. The thickness 
is not uniform, and the top and bottom surfaces do not follow the same path from leading edge to 
trailing edge. Airfoil blades typically do not operate as efficiently in reverse, potentially 
impacting consumer utility on models where reverse flow is an option. 

  

                                                 
j For example: Parker, D., Hua, G. & Hibbs, B., High Efficiency Ceiling Fan, United States Patent, Number 
6039541 (2000) (Available at: www.haikufan.com/our-fan/sustainability/). 
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Twisted blades  
Because the speed of the blade at the tip is faster than the speed of the part of the blade 

that is closest to the motor, twisted blades reduce aerodynamic drag and improve efficiency by 
decreasing the blade pitch or twist from where the blade attaches to the motor casing to the blade 
tip. Additionally, research has shown that twisted airfoil blades can further increase efficiency by 
reducing energy loss from the decrease in turbulence and flow separation.k Twisted blades are 
often tapered so that the blade tip is narrower than the section of the blade attached to the motor. 
This means that the decrease in twist or angle of attack is associated with the decrease in blade 
width. This is similar to blades on propellers of marine and air vessels.l  

Beveled blades  
Beveled fan blades are typically beveled at the blade edges from the motor casing to the 

blade tip. Beveled fan blades are more aerodynamic than traditional fan blades, which reduces 
drag and increases airflow efficiency. 

Blade attachments  
Upswept blade tips or attachable clips can be added as attachments to fan blades, which 

may improve efficiency by increasing airflow or reducing drag. DOE research and discussions 
with interested parties found that winglets are the most common type of blade attachment and are 
mainly used on large-diameter ceiling fans. DOE is aware of patents for blade attachments but is 
not aware of any small-diameter ceiling fans on the market that use blade attachments to increase 
efficiency. Further, manufacturers commented that there is no consensus as to whether blade 
attachments increase ceiling fan efficiency. 

Blade materials 
 Use of alternative materials could enable more complex and efficient blade shapes 

(plywood vs. MDF vs. injection-molded resin, for example). Further, some ceiling fans use a 
natural material that is somewhat porous (i.e., allows air to pass through the blades without 
contributing to airflow). Replacing this natural material with more common materials can 
increase ceiling fan efficiency.  

 

3.5.2.3 Ceiling Fan Controls 

Ceiling fan controls can affect the overall efficiency of a ceiling fan by affecting the 
hours of operation. Ceiling fans can be operated with pull chains or wall switches, which are 
manual controls. Manual controls require that the ceiling fan is manually switched off. If not 
switched off, the ceiling fan will operate whether airflow is needed or not. Automatic ceiling fan 
controls, like occupancy sensors, can reduce power consumption by automatically turning off a 
ceiling fan when people are not present, reducing the usage of the ceiling fan.  

                                                 
k Gossamer Wind. 2011. (Available at: www.gossamerwind.com/content/what-so-special-about-these-fans-0) 
l Bird, G.M, High Efficiency Ceiling Fan. United States Patent, Number 673324. May11, 2004. Google Patents. 
(Available at: www.google.com/patents/US6733241) 
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Occupancy sensors 
Occupancy sensors use technologies that detect the presence of people through 

movement or body heat. When coupled with an occupancy sensor, a ceiling fan could power 
down if it senses that a room is unoccupied. By limiting the hours of active mode operation to 
times when people are in the path of the fan, an occupancy sensor could reduce the overall 
energy consumption of a ceiling fan. 

Wind Sensors 
Wind sensors measure airflow speed and can be used in conjunction with a ceiling fan to 

determine whether the fan is providing the ideal amount of airflow in a room. The rotational 
speed and power consumption of the fan can then be adjusted accordingly, which has the 
potential to reduce the overall power consumption of the fan.  

Temperature Sensors 
Temperature sensors measure the temperature of a room. A ceiling fan can be paired with 

a temperature sensor to maintain a particular temperature in a room by adjusting the rotational 
speed of the fan. This control can reduce the ceiling fan power consumption by operating the fan 
only when its necessary to reduce the room temperature. 
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4.1 INTRODUCTION 

This chapter discusses DOE screening analysis of the technology options identified for 
ceiling fans. As discussed in the market and technology assessment (Chapter 3) of this TSD, 
DOE consults with industry, technical experts, and other interested parties in developing a list of 
technology options for consideration. Chapter 3 also presents DOE’s initial list of technologies 
that can reduce the energy consumption of ceiling fans. The goal of the screening analysis is to 
screen out technologies that DOE will not consider further in the rulemaking analyses.  

The following section details the specific technology options that were screened out prior 
to the engineering analysis, along with the rationale for elimination. DOE evaluated the 
technologies identified in the market and technology assessment pursuant to the criteria set out in 
The Energy Policy and Conservation Act, as amended (EPCA or the Act). (42 U.S.C. 6291-
6309) EPCA provides criteria for prescribing new or amended standards, which will achieve the 
maximum improvement in energy efficiency the Secretary of Energy determines is 
technologically feasible and economically justified. (42 U.S.C. 6295(o)(2)(A)(B)) In view of the 
EPCA requirements for determining whether a standard is technologically feasible and 
economically justified, Appendix A to subpart C of Title 10 Code of Federal Regulations Part 
430 (10 CFR Part 430), Procedures, Interpretations and Policies for Consideration of New or 
Revised Energy Conservation Standards for Consumer Products (the Process Rule), sets forth 
procedures to guide DOE in the consideration and promulgation of new or revised product 
efficiency standards under EPCA. These procedures elaborate on the statutory criteria provided 
in 42 U.S.C. 6295 and in part eliminate problematic technologies early in the process of revising 
an energy efficiency standard. Under the guidelines, DOE eliminates from consideration 
technologies that present unacceptable problems with respect to the following five factors: 

(1) Technological feasibility. DOE screens out technologies that are not incorporated in 
commercially available products or working prototypes.  

(2) Practicability to manufacture, install, and service. If DOE determines that mass 
production of a technology in commercial products and reliable installation and servicing of the 
technology could not be achieved on the scale necessary to serve the relevant market by the time 
of the compliance date of the standard, it will not consider that technology further.  

(3) Adverse impacts on product or equipment utility or availability. If DOE 
determines a technology has a significant adverse impact on the utility of the product for 
significant consumer subgroups or results in the unavailability of any covered product type with 
performance characteristics (including reliability), features, size, capacities, and 4-2 volumes that 
are substantially the same as products generally available in the United States at the time, it will 
not consider that technology further.  

(4) Adverse impacts on health or safety. If DOE determines that a technology will have 
significant adverse impacts on health or safety, it will not consider that technology further. 

(5) Unique-Pathway Proprietary Technologies. If a design option utilizes proprietary 
technology that represents a unique pathway to achieving a given efficiency level, that 
technology will not be considered further. 
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4.2 SCREENED-OUT TECHNOLOGIES 

This section describes the technologies that DOE eliminated based on the five factors 
described above and provides the reasons why each was eliminated. 

4.2.1 Brushed DC Motors 

Brushed DC motors are DC-powered motors that are mechanically commutated by 
internal brushes. They are more efficient than typical AC induction motors. Stakeholders 
indicted that brushed DC motors produce ozone and that ceiling fans often operate for extended 
periods of time in close proximity to individuals. Stakeholders also stated that the brushes used 
in brushed DC motors wear out over time and the maintenance and parts required to replace 
these brushes would reduce the overall savings that could be achieved from this technology. 
DOE therefore screened out brushed DC motors from all product classes because they may have 
adverse impacts on consumer health and safety and because they are impractical to service. 

4.2.2 Small-Diameter Ceiling Fans 

DOE has screened out the following technology options from further consideration for 
small-diameter ceiling fans: three-phase induction motors, blade shape, blade attachments, 
occupancy, wind, and temperature sensors, and brushed DC motors. The following sections 
describe DOE’s rationale for each exclusion. 

4.2.2.1 Three-Phase Induction Motors 

Due to recent developments in control systems electronics, three-phase induction motors 
may replace less efficient single-phase induction motors. Three-phase motors are more efficient 
because they have a simpler electrical circuit, reducing the potential for electrical and thermal 
energy losses. They also have a more even torque on the rotor, resulting in more efficient 
rotation and less motor “hum.” However, because most U.S. homes typically are not wired with 
a three-phase power supply, these motor types would require electronic convertors. 

DOE is unaware of any small-diameter ceiling fans with three-phase motors that are 
commercially available or in the prototype stage. DOE has therefore screened out three-phase 
induction motors as a technology option for small-diameter ceiling fans because they are not 
technologically feasible. Additionally, as stated above, ceiling fans would not be practical to 
install since most homes in the U.S. are not wired for three-phase power supply.  

4.2.2.2 Blade Shape 

Blade shape refers to adjustments in curvature, pitch, and thickness of a ceiling fan blade. 
Design elements may include twisted blades, curved blades, airfoil blades, and beveled blades. 
Twisted blades have a variable pitch angle along the length of the blade. Curved blades have a 
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cambered centerline, meaning that the blades are curved about a line parallel to the ceiling fan 
shaft. Airfoil blades are shaped similarly to an airplane wing, with a curvature and variable 
thickness that reduces the drag on the blade. Beveled blades are standard rectangular ceiling fan 
blades where both the leading and trailing edges of the blade have been shaved to reduce the 
thickness at the edges.  

Blade shapes impact a ceiling fan’s appearance. DOE received feedback from 
stakeholders stating that blade shapes can have a negative impact on aesthetics, which impacts 
consumer utility. Therefore, DOE has not included blade shape in its small-diameter ceiling fan 
analysis based on a negative impact on consumer utility. 

4.2.2.3 Blade Attachments 

Blade attachments refer to upswept blade tips or attachable clips that can be added to a 
fan blade to increase airflow or reduce drag. There is conflicting data on the effect of blade 
attachments on ceiling fan performance; therefore, blade attachments may negatively impact 
product utility. At this time, DOE has insufficient evidence to conclude that blade attachments 
improve ceiling fan efficiency. DOE is not aware of any manufacturers that use blade 
attachments in small-diameter ceiling fans. Requiring blade attachments on small-diameter 
ceiling fans would also significantly impact the aesthetics of the ceiling fan. Therefore, DOE 
screened out blade attachments for small-diameter ceiling fans based on technological 
infeasibility and potential adverse impact on product utility.  

4.2.2.4 Occupancy, Wind, and Temperature Sensors 

Sensors, such as occupancy, wind, and temperature sensors, can be used to measure or 
detect values of interest as part of a control system. Occupancy sensors use technologies that 
detect the presence of people through movement, body heat, or other means. Ceiling fans that use 
an occupancy sensor could power down if a room is unoccupied. By limiting the hours of active-
mode operation to times when people are in the vicinity of the fan, an occupancy sensor could 
reduce the overall energy consumption of a ceiling fan. However, if a fan relies on a motion 
sensor to determine occupancy, then it could turn itself off when the occupants are sleeping. This 
would adversely impact the utility of fans installed in bedrooms. Temperature sensors detect 
temperature changes in the surrounding space, and wind sensors detect a decrease in wind speed 
below a certain threshold. When coupled with temperature and/or wind sensors, a fan could 
adjust its speed to provide more or less airflow based on feedback from these sensors. Some 
manufacturers also offer speed control that is influenced by room temperature.  

While occupancy, wind, and temperature sensors have the potential to save energy by 
reducing the number of ceiling fan operating hours, DOE did not find or receive enough 
information to evaluate the possible trade-offs between consumer/product utility and the 
potential energy savings from reduced operating hours based on implementing controls. 
Therefore, DOE has screened out occupancy, wind, and temperature sensors because DOE 
cannot satisfactorily evaluate the energy savings potential and impact on consumer utility.  
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4.2.3 Large-Diameter Ceiling Fans 

DOE has screened out the following technology options from further consideration for 
large-diameter ceiling fans: alternative blade materials; twisted blades; blade attachments; 
occupancy; wind, and temperature sensors; and brushed DC motors. The following sections 
discuss DOE’s reasoning for excluding these technologies.  

4.2.3.1 Alternative Blade Materials 

In its evaluation of the large-diameter ceiling fan market, DOE found that aluminum is 
the only material that is used for large-diameter ceiling fan blades. Aluminum is used because 
large-diameter blades are very long, and the greater forces involved with blade rotations mean 
that the material’s strength and stiffness are critical considerations.  

DOE received feedback from interested parties that alternative blade materials may not 
meet the safety requirements for all large-diameter ceiling fan applications. Specifically, 
stakeholders noted that while alternative blade materials may be able to improve efficiency, they 
are not necessarily suitable for all large-diameter ceiling fan applications, including in gyms and 
warehouses, where there is the possibility of equipment (such as aerial lifts) contacting the 
blades. Further, DOE has no data to indicate that extent to which alternative blade materials 
could improve efficiency. Therefore, alternative blade materials were screened out for large-
diameter ceiling fans due to a potential adverse impact on health and safety. 

4.2.3.2 Twisted Blades 

DOE’s research shows that nearly all large-diameter ceiling fans currently on the market 
have extruded metal blades. The extrusion process creates a blade that has the same shape and 
orientation (i.e., zero twist) everywhere along the length of the blade. During the January 2017 
final rule, manufacturers stated that manufacturing a twisted large-diameter blade would require 
either new manufacturing techniques or new materials, such as molded composite. Further 
stakeholders indicated that while twisted blades can be more efficient, they may not be safe 
enough for certain applications. (BAF, No. 14 at p. 4)  

Also, while manufacturers noted that twisted blades may be able to improve efficiency, 
DOE has no data to indicate to what extent twisted blades could improve efficiency. Therefore, 
twisted blades were screened out for large-diameter ceiling fans due to a potential adverse impact 
on health and safety. 

4.2.3.3 Blade Attachments 

Blade attachments are attachable clips that can be added to the end of a fan blade to 
increase airflow or reduce drag. DOE’s research and discussions with manufacturers showed that 
winglets are the most common type of blade attachment for large-diameter ceiling fans. Market 
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research showed that multiple manufacturers make use of winglets or some other type of blade 
attachment.  

DOE received conflicting comments from interested parties about the effectiveness of 
blade attachments. Furthermore, DOE has not found or received sufficient data to conclude that 
blade attachments increase the efficiency of large-diameter ceiling fans. Therefore, DOE 
screened out blade attachments for large-diameter ceiling fans based on technological 
infeasibility. 

4.2.3.4 Occupancy, Wind, and Temperature Sensors 

Occupancy, wind, and temperature sensors may also be incorporated into large-diameter 
ceiling fans to reduce operating hours, as discussed in Section 4.2.2.4. Stakeholders commented 
that temperature sensors are commonly offered on large-diameter ceiling fans; however, some 
stakeholders mentioned that occupancy sensors are common while others stated that occupancy 
sensors are not common.  

Large-diameter ceiling fans currently need to meet a CFEI at 100 percent operating speed 
and at 40 percent operating speed. Unlike the CFM/W metric, it does not consider operating 
hours of the fan, only the airflow and power usage. The energy consumption of these sensors in 
active mode is very small, relative to the energy used to generate airflow, for large-diameter 
ceiling fans. Given that operating hours are not considered, adding sensors would only increase 
power usage and not represent an opportunity for increased efficiency under DOE’s test 
procedure.  

Additionally, although DOE does not currently regulate energy use in standby mode for 
large-diameter ceiling fans, any additional sensors are likely to consume power in standby mode. 
Therefore, any consideration of higher efficiency standards on standby power could require 
removing these sensors, potentially reducing the consumer utility of these products. As such, 
DOE has screened out occupancy, wind, and temperature sensors because of potential adverse 
impact on product utility.  

4.3 REMAINING TECHNOLOGIES 

4.3.1 Small-Diameter Ceiling Fans 

For small-diameter ceiling fans, DOE considered the following technology options for 
further analysis: larger direct drive single-phase induction motors, BLDC motors, and common 
blade materials. The following sections discuss DOE’s reasoning for retaining these technology 
options. 
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4.3.1.1 Larger Direct Drive Single-Phase Induction Motors 

The most common small-diameter ceiling fan motor is a single-phase PSC induction 
motor with an external rotor. In general, larger motors with more electrical steel and more 
conductor material are more efficient. During DOE’s discussions with manufacturers, they 
indicated that standard and hugger ceiling fan efficiency can be improved by increasing the size 
of the motor and reoptimizing the fan. Therefore, DOE retained larger direct drive single-phase 
induction motors as a design option for standard and hugger ceiling fans.  

4.3.1.2 BLDC Motors 

BLDC motors are permanent magnet motors that are capable of running off AC current 
using a control system comprising a converter and inverter. The rotor magnetic field in BLDC 
motors is stationary, which means that there is no electrical current flowing in the rotor. This 
reduces rotor losses and makes BLDC motors significantly more efficient that single-phase AC 
induction motors. In general, BLDC motors create high torque while consuming less electricity, 
which means greater initial power and less energy consumption. Another advantage of these 
motors is that they tend to be smaller and make less noise compared to traditional ceiling fan 
motors. However, BLDC motors require additional controls to enable them to function on AC 
current in a typical home. 

DOE observes that several ceiling fan manufacturers offer small-diameter ceiling fans 
that use BLDC motors on the market. These fans are some of the most efficient small-diameter 
ceiling fans currently on the market. Therefore, DOE retained BLDC motors for all small-
diameter ceiling fans. 

DOE recognizes that the implementation of BLDC motor technology may increase 
manufacturing and product retail cost. DOE accounts for increases in the manufacturing cost and 
warranty cost of BLDC motors in the engineering analysis. In addition, DOE continues to 
account for differences in the costs of DC motors compared to AC motors in the LCC, shipments 
and NIA analyses.  

4.3.1.3 Common Blade Materials 

Most standard and hugger ceiling fan blades use wood, wood composites (medium-
density fiberboard, plywood, etc.) or plastic materials for the blades. However, a small subset of 
the market uses a natural palm material that is porous (i.e., it does not contribute toward the total 
air movement). Manufactures stated in interviews that their non-traditional blade shapes can 
achieve similar efficiencies to flat blades if they use common blade materials but, if they use 
natural, porous materials, they move notably less air and are a significantly less efficient. 

Manufactures stated that there was little demand for the natural materials, and of that 
demand, it was typically related to the blade shape, not the blade material. Therefore, DOE 
included common blade materials as a design option for hugger and standard ceiling fans.  
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4.3.2 Large-Diameter Ceiling Fans 

For large-diameter ceiling fans, DOE considered the following technology options for 
further analysis: premium AC motors and permanent magnet direct drive motor 

4.3.2.1 Premium AC Motors 

Premium AC motors are three-phase induction motors that meet the NEMA Premium® 
efficiency standard.a These motors are available in integral horsepower capacities (i.e., at least 1 
hp). Premium three-phase induction motors are more efficient than standard induction motors. 
Such motors are typically paired with a gearbox in order to lower the rotational speed of the 
ceiling fan blades.  

DOE received comments that premium AC motors are readily available in the market and 
should be included in the analyses. DOE research shows that these motors are readily available 
in the large-diameter ceiling fan market. Additionally, these motors are more efficient than the 
baseline motors that are found in large-diameter ceiling fans. Therefore, DOE has included these 
motors as a remaining technology option after screening. 

4.3.2.2 Permanent Magnet Direct Drive Motors 

Permanent magnet motors have a permanent magnet embedded in or attached to their 
rotor. These motors are electronically commutated, and their rotor spins at the same speed as the 
revolving magnetic field created by this commutation (i.e., a synchronous rotation). These 
motors are smaller, quieter, and more efficient than most induction motors.  

The gearboxes in geared ceiling fans have drive losses (i.e., they do not transfer 100 
percent of the motor power to the ceiling fan blades). A large-diameter ceiling fan with a 
gearless, or direct drive, permanent magnet motor will have improved efficiency because there 
are no losses associated with the gearbox. DOE has observed that many large-diameter ceiling 
fan manufacturers offer products with permanent magnet direct drive motors. As such, DOE 
included permanent magnet direct drive motors as a design option in its analysis. 

4.4 SCREENING ANALYSIS SUMMARY 

Table 4.4.1 is a summary of the technologies options that DOE screened from its analysis 
in support of the ongoing energy conservation standards rulemakings for ceiling fans. Table 4.4.2 
provides the remaining technology options that DOE included in its analysis for the products 

                                                            
a Information about NEMA Premium motors can be found at: www.nema.org/directory/products/nema-premium-
motors 

file://forecast.lbl.gov/Users/mefaulkner/Downloads/www.nema.org/directory/products/nema-premium-motors
file://forecast.lbl.gov/Users/mefaulkner/Downloads/www.nema.org/directory/products/nema-premium-motors
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covered by this rulemaking. Each technology listed in Table 4.4.2 is evaluated further as design 
options in the subsequent engineering analysis (Chapter 5). 

Table 4.4.1  Screened-Out Technology Options 
Small-Diameter  

Ceiling Fans Only 
Large-Diameter 

 Ceiling Fans Only 
Both Small- and Large-Diameter 

Ceiling Fans 
• Three-phase 

induction motors 
• Blade shape 

• Alternative 
blade 
materials 

• Brushed DC motors 
• Twisted blades 
• Blade attachments 
• Occupancy, wind, and 

temperature sensors 
 

Table 4.4.2  Retained Technology Options 
Small-Diameter Ceiling Fans Large-Diameter Ceiling Fans 
• Larger direct drive single-phase 

induction motors 
• BLDC motors 
• Common Blade Materials 

• Premium AC motors 
• Permanent magnet direct drive 

motors 
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CHAPTER 5. ENGINEERING ANALYSIS 

 INTRODUCTION 

After conducting the screening analysis, DOE performed an engineering analysis based 
on the remaining design options. The engineering analysis consists of estimating the energy 
consumption and costs of products at various levels of increased efficiency. This section 
provides an introduction to the engineering analysis (section 5.1), overview of the methodology 
(section 5.2), discusses the product classes and representative sizes (section 5.3), describes 
baseline efficiencies (section 5.4), discusses the design options (section 5.5), describes the cost 
model (section 5.6), discusses the power consumption model (section 5.7), provides power 
consumptions results (section 5.8) and cost-efficiency results (section 5.9).  

The primary inputs to the engineering analysis are data from the market and technology 
assessment (chapter 3 in the TSD), screening analysis (chapter 4 in the TSD), energy 
performance data from publicly available product literature and certified performance databases, 
input from manufacturers, baseline specifications, independent research on product component 
and material costs and production cost estimates developed using a cost model. The primary 
output of the engineering analysis is a set of cost-efficiency relationships that represent the 
average incremental cost of increased product efficiency above the baseline levels.  

 
In the subsequent markups analysis (chapter 6 in the TSD), DOE determines customer 

prices by applying manufacturer markups, distribution chain or dealer markups, and sales tax to 
the MPCs developed in the engineering analysis. After applying these markups, the data serve as 
inputs to the energy use characterization (chapter 7 in the TSD), and the life-cycle cost and 
payback period analyses (chapter 8 in the TSD).  

 
All efficiencies discussed in this chapter are determined using the efficiency metric from 

the DOE test procedure at Appendix U to subpart B of 10 CFR 430. For small diameter ceiling 
fans, efficiency is evaluated in terms of CFM/W. For large-diameter ceiling fans, efficiency is 
evaluated in terms of CFEI at 100 percent speed and 40 percent speed.   
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 METHODOLOGY OVERVIEW 

This section describes the analytical methodology used in the engineering analysis. DOE 
typically structures its engineering analysis around one of three methodologies: (1) the design-
option approach, which calculates the incremental costs of adding specific design options to a 
baseline model; (2) the efficiency-level approach, which represents the efficiency as observed in 
the representative dataset by using best-fit lines for each technology option analyzed; and/or (3) 
the reverse-engineering or cost-assessment approach, which involves a “bottom-up” 
manufacturing cost assessment based on a detailed BOM derived from teardowns of the 
equipment being analyzed.  

In this rulemaking, DOE structured its engineering analysis using a combination of all 
three approaches, depending on product class. The following sections provide an overview of the 
methodologies used to determine the cost-efficiency curves for small-diameter and large-
diameter ceiling fans. 

5.2.1 Small-Diameter Ceiling Fans 

Small-diameter ceiling fans are defined as ceiling fans that are less than or equal to seven 
feet in diameter. The following product classes are small-diameter ceiling fans: standard, hugger, 
VSD, and HSSD ceiling fans. 

5.2.1.1 Standard, Hugger and VSD Ceiling Fans 

Standard, hugger and VSD ceiling fans can be sold with or without a ceiling fan light-kit 
and generally serve both residential and commercial applications. Most standard and hugger 
ceiling fans on the market (and most ceiling fan sales) are fans with four or five flat blades that 
are made of wood (or wood composites such as plywood or MDF). However, with all residential 
and commercial ceiling fans, aesthetics are a key factor in ceiling fan purchasing and therefore 
ceiling fans are sold with a variety of blade designs to satisfy consumer aesthetic preferences. 
This variety can lead to a wide range of maximum airflows and ceiling fan efficiencies.  

In this analysis, DOE relied on the ENERGY STAR® Certified Ceiling Fan Database 
and the CEC Modern Appliance Efficiency Database to evaluate the distribution of ceiling fan 
efficiencies available on the market. Generally, these databases include the rated efficiency 
(CFM/W), airflow and power usage at high and low speed, and blade diameter for each basic 
model. DOE supplemented these public databases with manufacturer literature, where available, 
to identify motor type, motor size, blade material, blade pitch, maximum revolutions per minute, 
retail prices, and other relevant design criteria. DOE relied on these data to identify the 
characteristics of more efficient ceiling fans. DOE then relied on product teardowns to generate 
estimated manufacturer production costs for each representative unit at each efficiency level.  

5.2.1.2 High-Speed Small-Diameter Ceiling Fans 

DOE notes that the January 2017 Final Rule established efficiency levels for HSSD fans 
at the max-tech efficiency level, requiring DC motors and airfoil blades. DOE has not identified 
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any technology options to further improve the efficiency of HSSD ceiling fans. Therefore, DOE 
did not analyze additional efficiency levels for HSSD ceiling fans.  

5.2.2 Large-Diameter Ceiling Fans 

Large-diameter ceiling fans are defined as a ceiling fan that is greater than seven feet in 
diameter. DOE evaluated the distribution of efficiencies available on the market using a 
combination of publicly available manufacturer literature, which in many cases advertises the 
airflow and power usage at a variety of speeds – from which CFEI can be calculated, and 
confidentially provided manufacturer data. From this database, DOE identified distinct design 
options and established efficiency levels corresponding to the various design options. DOE then 
relied on product teardowns to generate estimated manufacturer production costs for each 
representative unit at each efficiency level.  

 PRODUCT CLASSES AND REPRESENTATIVE SIZES 
5.3.1 Small-Diameter Ceiling Fans  

DOE identified representative size combinations for small-diameter ceiling fans. These 
sizes were chosen because they broadly represent the range of sizes available in each product 
class. In addition, manufacturers stated that the representative sizes account for a large 
percentage of the sales and shipments of small-diameter ceiling fans. DOE analyzed the product 
classes and representative size combinations presented in Table 5.3.1. These representative sizes 
are maintained from the January 2017 Final Rule.  
  
Table 5.3.1  Small-Diameter Ceiling Fan Combinations 

Product Class Representative Size 
VSD Fans 13-inch 

16-inch 

Standard Fans 
44-inch 
52-inch 
60-inch 

Hugger Fans 44-inch 
52-inch 

 
5.3.2 Large-Diameter Ceiling Fans  

DOE also maintained the three representative sizes for large-diameter ceiling fans from 
the January 2017 Final Rule. DOE chose these sizes because they broadly represent the range of 
sizes available in this product class, and also have some of the highest shipment volumes. 
Stakeholders suggested that DOE separately analyze high and low airflow ceiling fans.  

DOE analyzed manufacturer literature and observed that many manufacturers of large-
diameter ceiling fans offer different product lines targeting either higher airflow industrial 
applications or lower airflow commercial applications. In interviews, stakeholders noted that 
higher airflow ceiling fans are often used in spaces without air conditioning and are the primary 
method for cooling. Therefore, the high airflow is the most important feature of these fans and 
acoustic concerns can be generally disregarded. Lower airflow large-diameter ceiling fans, by 



5-4 
 
 

contrast, target commercial applications that are typically air conditioned. For these lower 
airflow fans, a more uniform airflow is preferred, and the acoustics of the ceiling fan are 
relevant. As such, these lower airflow fans are almost exclusively direct-drive ceiling fans.  

Considering these different target applications, DOE separately analyzed high and low 
airflow ceiling fans. DOE relied on stakeholder input to evaluate an appropriate dividing point 
between the high and low airflow ceiling fans. This is shown in Table 5.3.2. DOE analyzed three 
representative sizes for both high-airflow large-diameter ceiling fans and low-airflow large-
diameter ceiling fans presented in Table 5.3.3.  

 

Table 5.3.2  Large-Diameter Ceiling Fan High and Low Airflow Divider 

Size (diameter) [ft.] Airflow Divider [CFM] 
8 30,500 

10 48,000 
12 75,000 
14 95,000 
16 125,000 
18 145,000 
20 170,000 
24 215,000 

 

Table 5.3.3  Larger Diameter Ceiling Fan Combinations 
Product Class Representative Size 

High-Airflow Large-
Diameter  

8-foot 
12-foot 
20-foot 

Low-Airflow Large-
Diameter 

8-foot 
12-foot 
20-foot 

 BASELINE FAN EFFICIENCIES 

For the engineering analysis, DOE selects baseline units for all representative sizes for all 
product classes. The baseline units serve as reference points against which changes resulting 
from potential new energy conservation standards can be measured. Typically, a baseline unit is 
a unit that meets but does not exceed current federal energy conservation standards and provides 
basic consumer utility.  

DOE uses the baseline efficiencies for comparison in several analyses, including the 
engineering analysis, LCC analysis, PBP analysis, and NIA. To determine energy savings that 
will result from a new energy conservation standard, DOE compares energy use at each of the 
higher energy efficiency levels to the energy consumption of the baseline unit. Similarly, to 
determine the changes in price to the consumer that will result from a new energy conservation 
standard, DOE compares the price of a baseline unit to the price of a unit at each higher 
efficiency level.  
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5.4.1 Standard and Hugger Ceiling Fans  

5.4.1.1 Baseline Ceiling Fan Efficiencies 

DOE found that regardless of product class and size, market-minimum flat blade standard 
and hugger ceiling fans share the following design features: (1) a conventional PSC AC motor, 
and (2) a pull-chain control. DOE relied on the current energy conservation standards to evaluate 
the market-minimum efficiency.  

Table 5.4.1  Efficiency of Baseline Standard and Hugger Ceiling Fans  
 
 
 
 
 
 
 

 

5.4.1.2 Baseline Ceiling Fan Airflow 

The CFM/W metric is calculated from the airflow and power usage at high speed, the 
airflow and power usage at low speed, and any standby power consumption. Because the AC 
motor residential ceiling fans typically have pull-chain controls, standby power consumption was 
assumed to be zero. The relationship between airflow and power consumption is approximately 
cubic, meaning that the CFM/W of a given ceiling fan decreases as the ceiling fan moves more 
air. Further, the low speed for a ceiling fan can vary depending on the number of speed controls 
and size of the capacitors used.  

To fairly compare various efficiency levels, DOE relied on market data at both high 
speed and low speed to estimate the typical airflows of minimally compliant ceiling fans. DOE 
first filtered the market data of a given representative ceiling fan that are either minimally 
compliant or just exceed (within 2 or 3 CFM/W) the market-minimum CFM/W data. DOE then 
averaged a subset of these basic models to develop an initial estimate of the typical CFM at low 
and high power. Next, DOE compared the baseline ceiling fan airflow to the airflow of the entire 
distribution of efficiencies for a given representative unit to ensure the least efficient ceiling fans 
did not have a unique airflow when compared to the rest of the market. If the least efficient units 
were inconsistent with the rest of the market, DOE included more of the market in its average to 
obtain a baseline airflow more representative of the entire market. The baseline airflow and 
power consumption for the 52-inch standard ceiling fan at high and low airflows, relative to the 
certified database values, are shown in Figure 5.4.1 and Figure 5.4.2, respectively. The baseline 
high and low airflows for each representative unit are shown in Table 5.4.2. 

After establishing the representative airflow for each representative unit, DOE estimated 
the typical power usage at high and low speed, and revised the estimates for each such that the 
CFM/W aligned with the current energy conservation standards.  DOE observed that for standard 

Product Class/ 
Representative Size 

Efficiency  
CFM/W 

Standard/44-inch 67 
Standard/52-inch 72 
Standard/60-inch 77 
Hugger/44-inch 48 
Hugger/52-inch 50 
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ceiling fan basic models, there is a direct correlation between power usage and airflow (i.e., fan 
models that move more air use more power).  

Hugger fans, by contrast, typically have a less correlated relationship between power 
usage and airflow. DOE observed that different hugger ceiling fans often have similar high speed 
power consumption regardless of airflow. This is likely related to the fact that hugger ceiling 
fans installed closer to the ceiling may operate at similar rpms but have lower airflows due to the 
creation of a vacuum between the fan blades and the ceiling that prevents air from returning to 
the input side of the ceiling fan. Moving the hugger ceiling fan further from the ceiling 
represents a possible approach for increasing ceiling fan airflow without increasing power 
consumption.  

DOE relied on baseline airflows and assumed minimally efficiency CFM/W for hugger 
ceiling fans. The baseline airflow and power consumption for the 44-inch hugger ceiling fan at 
high and low airflows, relative to the certified database values, are shown in Figure 5.4.3 and 
Figure 5.4.4, respectively. DOE then evaluated higher efficiency hugger ceiling fans at the same 
airflow. However, DOE is concerned that increases in the CFM/W for hugger ceiling fans would 
be achieved by moving the hugger ceiling fan further from the ceiling to increase the ceiling fan 
airflow; however, power consumption would remain unchanged which is inconsistent with the 
purpose of DOE’s energy conservation standards.  
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Figure 5.4.1 Standard 52-inch Ceiling Fan at High Speed 

 

 

Figure 5.4.2 Standard 52-inch Ceiling Fan at Low Speed 
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Figure 5.4.3 Hugger 44-inch Ceiling Fan at High Speed 
 

 

Figure 5.4.4 Hugger 44-inch Ceiling Fan at Low Speed 
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Table 5.4.2  Baseline Airflow for Standard and Hugger Ceiling Fans  
 
 
 
 
 
 

  

5.4.2 Very-Small-Diameter Ceiling Fans 

VSD ceiling fans are niche products that have specific design elements depending on 
their application. For example, certain VSD ceiling fans have oscillating features, whereas others 
have directed airflow.  DOE relied on the current energy conservation standards to evaluate the 
market-minimum efficiency. Table 5.4.3 provides the baseline efficiencies for each 
representative size for the VSD product class 

Table 5.4.3  Efficiency of Baseline VSD Ceiling Fans  
 
 
 
 

 
DOE notes that there is notable variation in airflow among VSD fans. Some VSD fans, 

for example, use two fan heads on one model to achieve higher airflow. DOE assumed that 
representative baseline VSD fan airflow would be achieved with one fan head. DOE notes that 
many of the 13-inch ceiling fans on the market exceeded the market minimum efficiency; 
therefore, DOE relied on the market-minimum 12-inch VSD ceiling fan to estimate airflow for a 
market-minimum 13-inch VSD ceiling fan. DOE then relied on the average market-minimum 
16-inch ceiling fans to estimate the baseline airflow for 16-inch ceiling fans. The baseline 
airflows at high and low speed for VSD ceiling fans are shown in Table 5.4.4. 

 
Table 5.4.4  Baseline Airflow VSD Ceiling Fans  

 
 
 
 
 

5.4.3 Large-Diameter Ceiling Fans 

The current energy conservation standards require large-diameter ceiling fans to achieve 
a CFEI at full speed of 1.00 and a CFEI at 40 percent speed of 1.31. DOE relied on the current 
energy conservation standards to establish the baseline efficiency level for both high-airflow and 
low-airflow large diameter ceiling fans. DOE notes that there is significant variation in airflow 
amongst large-diameter ceiling fans. DOE modeled the maximum airflow of a high-airflow 
large-diameter ceiling fan representative unit as a 15 percent increase relative to the proposed 

Product Class/ 
Representative Size CFM High CFM Low 

Standard/44-inch 3850 1400 
Standard/52-inch 5000 1750 
Standard/60-inch 6000 2500 
Hugger/44-inch 3100 1200 
Hugger/52-inch 4000 1500 

Product Class/ 
Representative Size 

Efficiency  
CFM/W 

VSD/13-inch 24 
VSD/16-inch 34 

Product Class/ 
Representative Size CFM High CFM Low 

VSD/13-inch 1500 700 
VSD/16-inch 1600 800 
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airflow dividers shown in Table 5.3.2. For example, the baseline airflow of an 8-foot high-
airflow large-diameter ceiling fan would be assumed to be 30,500 CFM multiplied by 1.15 to 
equal 35,075 CFM. 

 Similarly, DOE modeled the maximum airflow of a low-airflow large-diameter ceiling 
fan representative unit as a 15 percent decrease relative to the proposed airflow dividers shown 
in Table 5.3.2. For example, the baseline airflow of an 8-foot low-airflow large-diameter ceiling 
fan would be assumed to be 30,500 CFM multiplied by 0.85 to equal 25,925 CFM. 

The maximum airflow for each large-diameter ceiling fans at each blade span for both 
high-airflow and low-airflow representative units is shown in Table 5.4.5  In evaluating airflow 
at partial load, DOE multiplied the max-airflow by the speed percentage (e.g., airflow at 40 
percent speed equals 40 percent of full speed airflow). 

Table 5.4.5  Baseline Fan Airflow for Large-Diameter Ceiling Fans 
Representative Size High/Low Airflow Airflow High-Speed (CFM) 

8-foot High-Airflow 35,075 
Low-Airflow 25,925 

12-foot High-Airflow 86,250 
Low-Airflow 63,750 

20-foot High-Airflow 195,500 
Low-Airflow 144,500 

 DESIGN OPTIONS 

In the market and technology assessment (chapter 3 of the TSD), DOE defined a list of 
initial design options that can be used to reduce the energy consumption for both small-diameter 
and large-diameter ceiling fans. In the screening analysis (chapter 4 of the TSD), DOE provided 
its reasoning for screening out some of the technology options. The technology options that 
remain were considered further as design options in the engineering analysis and are presented in 
Table 5.5.1.  

Table 5.5.1  Considered Design Options 
Standard, Hugger, and VSD Ceiling Fans Large-Diameter Ceiling Fans 
• Larger direct-drive single-phase induction 

motors 
• BLDC motors 
• Common Blade Materials 

• Premium AC motors 
• Permanent magnet direct drive 

motors 
 

 
5.5.1 Standard and Hugger 

As noted in chapter 2, manufacturers stated in interviews that to meet higher efficiency 
levels, short of a transition to BLDC motors, manufacturers would likely modify their blade 
shape or blade materials to try to achieve greater efficiencies. However, due to aesthetic 
preferences, there are limits as to how much modification can be made to blades. Manufacturers 
stated that one option could be to use larger motors to increase the efficiency of a ceiling fan 
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without going to BLDC motors, but that may require redesigning the fan or fan housing to 
accommodate a larger motor.  

5.5.1.1 Larger direct-drive single-phase induction motors 

To account for the variety of design choices a manufacturer may take to improve the 
efficiency of AC motor ceiling fans, DOE analyzed efficiency levels associated with a 10 percent 
reduction in power usage (EL1) and a 20 percent reduction in power usage (EL2). DOE modeled 
this reduction in power usage by multiplying the baseline ceiling fan power consumption at high 
and low speeds by 0.9 and 0.8, respectively. DOE assumed the airflow at high speed and low 
speed would be maintained. DOE then calculated the CFM/W for the EL1 and EL2 efficiency 
levels.  

DOE then relied on database values to confirm that for all representative sizes, ceiling 
fans using AC motors are available on the market with CFM/W corresponding to the EL1 and 
EL2 levels and with the corresponding airflows.  DOE modeled the costs associated with a 10 
percent reduction in power usage and 20 percent reduction in power usage by assuming 
manufacturers would implement larger direct-drive single-phase induction motors, as discussed 
in more detail in section 5.6.2.1. 

5.5.1.2 BLDC motors 

In the January 2017 Final Rule, DOE evaluated BLDC motors as the max-tech efficiency 
level. However, DOE noted at the time that “when setting the max-tech for the standard and 
hugger ceiling fan product classes, DOE set it at the max-tech efficiency for unconventional-
blade fans because this ensures that even at max-tech, all types of ceiling fans, including design 
with unconventional blades, can achieve this level of efficiency.” 83 FR 6826, 6841 
“Unconventional” blades were identified as very different blade shapes, such as those in the 
shape of palm leaves that generally were less efficient than similarly sized fans with flat bladesa. 

In interviews, manufacturers stated that while unconventional blade designs still exist, 
they are less popular than they were in the past. Further, several manufacturers stated that the 
max-tech levels cited in the January 2017 Final Rule are associated with ceiling fans that use 
BLDC motors and a natural material, palm leaf shaped fan. The natural material is somewhat 
porous and as such allows air to pass through the fan blade (i.e., it does not contribute toward the 
total air movement of the ceiling fan). Other unconventional blade designs, made of more 
common materials, such as plastic or wood composites, are able to achieve similar efficiencies to 
flat blades. Manufacturers commented that all unconventional blades make up a very small 
percentage of total sales and the natural material palm blades specifically are quite uncommon, 
making up a negligible percentage of sales. 

As such, DOE evaluated two efficiency levels corresponding to BLDC motors. EL3 aligns 
with the max-tech efficiency level from the January 2017 Final Rule and the current ENERGY 
STAR® levels. EL3 corresponds to ceiling fans using BLDC motors and natural material palm 

                                                 
a See Chapter 5 of January 2017 Final Rule TSD 
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blades. Manufacturers commented that these fans could not reach current ENERGY STAR® 
levels using AC motors; therefore, all ceiling fans at EL3 are assumed to use BLDC motors.  

5.5.1.3 Common Blade Materials 

EL4 is the max-tech efficiency level and corresponds to using a BLDC motor and all 
ceiling fans using common blade materials (i.e., wood, wood composites, plastics, etc.). All 
ceiling fans would be unable to meet EL4 with porous blade materials, such as the natural palm 
materials. Because EL3 and EL4 both use the same motors, they are assumed to have the same 
power usage.  

DOE used manufacturer literature to identify BLDC fans currently on the market and 
CEC and ENERGY STAR® database values to identify power usage and airflow. DOE relied on 
the database values for BLDC fans to estimate power usage at the baseline high and low airflows 
for each representative unit size. DOE then supplemented these estimates with manufacturer 
estimates on how much BLDC motors would decrease power usage compared to AC motors. 
DOE has identified this efficiency level as “BLDC motor – Flat Blades” because flat wood 
composite blades are usually used.  

5.5.2  VSD Ceiling Fans 

Regarding VSD fans, DOE observed far fewer ceiling fan models on the market as 
compared to standard and hugger fans and as such was unable to identify any efficiency levels 
short of max-tech. Similar to standard and hugger ceiling fans, DOE used manufacturer literature 
to identify BLDC fans currently on the market and CEC database values to identify power usage 
and airflow. DOE relied on the database values for BLDC fans to estimate power usage at the 
baseline high and low airflows for each representative unit size. DOE then supplemented these 
estimates with manufacturer estimates on how much BLDC motors would decrease power usage 
compared to AC motors.  

5.5.3 Large-Diameter Ceiling Fans 

DOE evaluated the distribution of large-diameter ceiling fan efficiencies available on the 
market using a combination of manufacturer literature, which in some cases posts the airflow and 
power-usage at a given speed allowing DOE to calculate the CFEI, and aggregated confidential 
data sources. DOE relied on an efficiency level approach to calculate the ceiling fan CFEI at 100 
percent and 40 percent speed for both high-airflow and low-airflow ceiling fans.  

5.5.3.1 High-Airflow Large-Diameter Ceiling Fans 

To evaluate the efficiency level associated with high-airflow large-diameter ceiling fans 
using premium AC motors, DOE determined the CFEI at 100 percent speed and 40 percent speed 
for ceiling fans that use a premium AC motor and have maximum airflows greater than the 
values in Table 5.3.2.  

As mentioned in chapter 2, DOE received some comments during interviews that CFEI 
can slightly disadvantage large-diameter ceiling fans with very high airflows. Therefore, in 
establishing its max-tech efficiency level, DOE analyzed the largest diameter (20 foot and 24 
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foot) ceiling fans that use permanent magnet direct drive motors and have maximum airflows 
above those in Table 5.3.2. 

5.5.3.2 Low-Airflow Large-Diameter Ceiling Fans 
In its analysis of low-airflow large-diameter ceiling fans, DOE wanted to ensure that 

manufacturers would not simply slow down high-airflow large-diameter ceiling fans.  To achieve 
this, DOE aligned the CFEI at 100 percent speed for low-airflow large-diameter ceiling fans with 
the CFEI at 100 percent speed at high-airflow large-diameter ceiling fans. DOE then relied on an 
efficiency analysis to determine the CFEI at 40 percent speed of ceiling fans that use a premium 
AC motor and have maximum airflows less than those values in Table 5.3.2.  

Similar to the high-airflow large-diameter ceiling fans, DOE relied on an efficiency 
analysis of the largest diameter (20 foot and 24 foot) ceiling fans that use permanent magnet 
direct drive motors and have maximum airflows less than those in Table 5.3.2. 

 COST MODEL 

The cost model is a key analytical tool used to construct cost-efficiency curves. This 
model is used to estimate manufacturing production costs at various efficiency levels using a 
design-option approach. DOE selected a set of fans to be tested and torn down, and DOE used 
the data gathered through teardowns to develop detailed BOMs. DOE used these BOMs to build 
“bottom-up” manufacturing cost assessments of different ceiling fan models.  

5.6.1 Teardown Analysis  

Other than obtaining detailed manufacturing costs directly from a manufacturer, the most 
accurate method for determining the production cost of a product is to disassemble the product 
piece-by-piece, compile a BOM, and estimate the material and labor cost of each component. 
DOE refers to this practice as a physical teardown. A supplementary method, called a catalog 
teardown (or virtual teardown), uses manufacturer product literature and component data to 
estimate the costs of a product that was not physically torn down, by accounting for differences 
between the catalog teardown unit and a similar physical teardown unit. DOE performed a 
combination of physical and catalog teardown analyses on products for this rulemaking.  

 
Figure 5.6.1 provides a summary of the teardown analysis for ceiling fans. DOE 

calculated the incremental costs associated with higher efficiency design options by comparing 
the cost of relevant fan components in the lower efficiency product and the higher efficiency 
product for each technology pair. 
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Figure 5.6.1 Cost Model Methodology 

5.6.1.1 Selection of Units 

DOE considers three main questions when selecting units for teardown analysis: 

1. What efficiency levels should be included in the teardown analysis? 
2. Are there units available on the market that achieve the desired efficiency levels and 

incorporate the design options? 
3. Which of the available units are most representative of the market for the product? 

In responding to these questions, DOE adopts the following criteria for selecting units for 
the teardown analysis: 

• The selected products should span the full range of efficiency levels under consideration 
for each product class; 

• Within each product class, if possible, the selected products should come from the same 
manufacturer and be within the same product series; 

• The selected products should primarily come from manufacturers with large market share 
in that product class, although the highest efficiency products were chosen irrespective of 
manufacturer; and 

• The selected products should have non-efficiency-related features that are the same as, or 
similar to, features of other products in the same product class to minimize the influence 
of non-efficiency-related design differences upon the estimated manufacturing costs. 

5.6.1.2 Generation of Bill of Materials 
The first step in the manufacturing cost assessment is to select a set of units and conduct 

physical teardowns. The result of each teardown is a structured BOM, describing each product 
component, its relationship to the other components, and the approximate order in which the 
components were assembled. The BOMs describe each fabrication and assembly operation in 
detail, including the type of equipment needed for fabrication (e.g., stamping presses, injection 
molding machines, spot-welders), the process cycle times, and the labor inputs required. The 
result is a thorough and explicit model of the production process.  

 
As the units are dismantled, each part is characterized according to weight, manufacturing 

processes used, dimensions, material, and quantity. The BOMs list all of the component pieces of 
the finished product that are identified during the teardown.  These component pieces are 
classified as having been fabricated in-house from raw materials, or as having been purchased by 

• Identify baseline models 
and more efficient models 
that incorporate design 
options being considered by 
DOE  

• Select fan technology pairs 
for every design option 

 

• Generate BOMs by 
conducting physical or 
catalog teardowns of each 
fan technology pair 

• Use a spreadsheet-based 
cost model to calculate 
component costs and total 
fan costs 

• Calculate the incremental 
costs by comparing 
component and production 
costs for each fan technology 
pair 
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the manufacturer from 3rd-party vendors. The classification into fabricated or purchased parts is 
based on DOE’s previous industry experience, recent information in trade publications, and 
discussions with ceiling fan manufacturers.  

 
For purchased parts, the purchase price of each component is an estimate based on 

volume-variable price quotations and detailed discussions with suppliers and manufacturers. For 
fabricated parts, the price of intermediate materials (e.g., tube, sheet metal) and the cost of 
transforming them into finished parts is an estimate based on current industry pricing. The cost 
of raw materials is determined using prices for copper, steel, and aluminum from the American 
Metals Market.b  For raw material price estimates, DOE used a 5-year average in material prices 
from 2016 to 2021.  This is to ensure that production cost estimates represent long-term material 
prices and are less influenced by market fluctuations. 
 

The BOM for a catalog teardown is structured the same as the BOM of a physical 
teardown and it provides an equally detailed description of the product components. However, it 
is generated using a slightly different methodology. BOMs for catalog teardowns are generated 
by modifying the BOM of a similar unit that has been physically torn down. These modifications 
reflect the major physical differences between the units.  

5.6.1.3 Cost Structure of the Spreadsheet Models 
The manufacturing cost assessment methodology used is a detailed, component-focused 

technique for rigorously calculating the manufacturing cost of a product (including the materials, 
labor, and overhead costs.) Figure 5.6.2 shows the three major steps in generating the 
manufacturing cost. The steps shown in the figure are an expansion of the middle box in Figure 
5.6.1.  

 
Figure 5.6.2 Spreadsheet Model Methodology 
 
 Following the development of a detailed BOM, the major manufacturing processes are 
identified and developed for the spreadsheet model, as shown in Table 5.6.1. 
 
Table 5.6.1  Major Manufacturing Processes 

Fabrication Finishing Assembly/Joining Quality Control 
Fixturing Washing Adhesive Bonding Inspecting & Testing 
Stamping/Pressing Powder Coating Spot Welding  
Metal Casting De-burring Seam Welding  
Cutting and Shearing Polishing   
Machining    

 
                                                 
b American Metals Market. Available online at www.amm.com/ 
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 DOE estimates fabrication process cycle times and enters them into the BOM. In the final 
step of the cost assessment, DOE estimates assembly times and associated direct labor costs. 
Once the cost estimate for each teardown unit is finalized, DOE prepares a detailed summary of 
relevant components, subassemblies, and processes. The BOM thus details all aspects of the 
costs associated with manufacturing a finished product. DOE also conducts interviews with 
manufacturers to ensure accuracy on methodology and pricing. 
 
 Design options used in units subject to teardown are noted in the summary sheet of each 
cost model and are cost-estimated individually. Thus, various implementations of design options 
can be accommodated, ranging from assemblies that are entirely purchased, to units that are 
made entirely from raw materials, as well as hybrid assemblies consisting of both purchased 
parts and parts made on site. 
 
5.6.2 Small-Diameter Ceiling Fans 

For all small-diameter ceiling fans, DOE assumed that the ceiling fans were 
manufactured in China, consistent with the January 2017 Final Rule and manufacturer 
interviews. Therefore, to calculate the manufacturer production cost from the factory cost 
derived in the cost model, DOE included overhead, tariff, shipping, and a factory markup. 

The overhead burden is the cost born by the exporter related to preparing the fan for 
export. DOE derived the overhead burden based on manufacturer feedback. The factory markup 
was determined based on industry experience of products being manufactured in China and 
manufacturer feedback. The shipping cost was calculated based on the size of the box for a 
ceiling fan, the shipment volumes, and manufacturer feedback. DOE assumed the same per fan 
shipping cost for all distribution channels for this analysis because of lack of shipment data for 
certain distribution channels. Equation 5.1 provides the MPC calculation for all small-diameter 
ceiling fans. 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑃𝑃𝑀𝑀𝑃𝑃𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑃𝑃𝑀𝑀 𝐶𝐶𝑃𝑃𝐶𝐶𝑀𝑀
= [(𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝐶𝐶𝑃𝑃𝐶𝐶𝑀𝑀 + 𝑂𝑂𝑂𝑂ℎ𝑃𝑃) ∗ 𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀] ∗ (1 + 𝑇𝑇𝑀𝑀𝑀𝑀) + 𝑆𝑆ℎ𝑃𝑃𝑀𝑀 

Equation 5.1 MPC Calculation for Small-Diameter Ceiling Fans 
 
Where: 
𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝐶𝐶𝑃𝑃𝐶𝐶𝑀𝑀 = cost to manufacture in China  
𝑂𝑂𝑂𝑂ℎ𝑃𝑃 = overhead cost at $2.50 per fan 
𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 1.2 
𝑇𝑇𝑀𝑀𝑀𝑀 = tariff at 4.7% 
𝑆𝑆ℎ𝑃𝑃𝑀𝑀 = shipping cost at $7.77 per fan 

5.6.2.1 Motor Warranty Factor 

Manufacturers stated in interviews that because AC and BLDC motor technologies have 
different failure rates, the warranty costs are not the same. DOE has attempted to account for this 
by applying different warranty factors to the cost of the motors in its analysis. A warranty factor 
is a front-end cost that manufacturers build in to cover estimated future warranty costs. Similarly, 
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a warranty factor was added to the manufacturing cost of the motors to account for any warranty 
costs related to motor failure. DOE estimated the warranty factor for a BLDC motor to be 8 
percent, and the warranty factor for an AC motor to be 1.2 percent, this is consistent with the 
value used in the January 2017 Final rule and aligns with estimates from manufacturers in 
interviews. The warranty factor for a BLDC motor is higher than that of an AC motor because 
BLDC motors have more complicated controls. In addition, if a BLDC motor fails, then the 
repair is more complex and the whole fan might need to be replaced rather than replacing the 
motor or a part of the motor. The failure rate for AC motors is minimal, and they are more easily 
repaired or replaced if there is a failure. Any differences in additional repair and maintenance 
costs for DC and AC motors is accounted for in the downstream analyses. DOE added these 
warranty factors on top of the motor plus controls costs generated by the cost model for small-
diameter ceiling fans.  

5.6.2.2 Standard and Hugger Ceiling Fans 

Teardown Model. DOE used the BOMs to develop a teardown model, which was used to 
estimate the factory cost of standard and hugger ceiling fans that were not torn down. The 
teardown model was developed such that when design specifications for a certain fan are input 
into the model, it uses average component costs to generate an estimate for the factory cost of 
that fan. The inputs for the teardown model include: 

 (1) fan size 
 (2) number of fan heads 
 (3) mounting type (standard versus hugger) 
 (4) number of blades 
 (5) blade material (wood or plastic) 
 (6) blade type (MDF, plywood, composite, plastic ABS) 
 (6) blade shape (flat, beveled, airfoil, twisted) 
 (7) blade dimensions and weight 
 (8) motor type (alternating current versus direct current), number of speeds and motor 

size 
 (9) control type (electromechanical versus electronic).  
 
The results from the teardown model are the total unit cost, as well as component costs 

and the costs associated with labor, depreciation and overhead for the standard and hugger 
ceiling fans. 

Baseline Fan Costs. DOE modeled the baseline ceiling fan costs by averaging physical 
and catalog teardowns for all the components of a baseline 44-inch ceiling fan. DOE assumed 
that the baseline ceiling fan would have five flat blades made of MDF. DOE scaled the cost of 
ceiling fan blades with the length of the blades. For example, DOE assumed a 44-inch ceiling fan 
uses 16-inch blades while a 52-inch ceiling fan uses 20-inch blades. Therefore, DOE modeled 
the costs of ceiling fan blades as being 25 percent more for a 52-inch ceiling fan than a 44-inch 
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ceiling fan. Similarly, DOE assumed the shipping materials required for a given ceiling fan 
would scale with blade span.  

Regardless of product class and size, baseline standard and hugger ceiling fans share the 
following design features: (1) a conventional permanent split capacitor (PSC) AC motor, and (2) 
pull-chain controls. DOE relied on manufacturer literature to estimate the baseline motor size for 
each of the ceiling fans. The baseline AC motor types for each blade span are summarized in 
Table 5.6.2.  

Table 5.6.2  Baseline Standard and Hugger Ceiling Fan Motor Sizes  
Product Class/ 

Representative Size 
Baseline Motor 

Size 
Standard/44-inch 153 mm x 12 mm 
Standard/52-inch 153 mm x 15 mm 
Standard/60-inch 172 mm x 17 mm 
Hugger/44-inch 153 mm x 12 mm 
Hugger/52-inch 153 mm x 15 mm 

 
DOE relied on its teardown model to estimate the costs of the motor housing and ceiling 

fan mounting assembly for a baseline 44-inch standard ceiling fan using a 153 mm x 12 mm 
motor. DOE then scaled these costs relative to the ratio of the motor weights.  

 
For the hugger product class, DOE assumed that the baseline hugger ceiling fan had the 

same basic fan components as the baseline standard ceiling fan, including the same motor size 
and blade designs, except the hugger ceiling fan did not include a downrod.  

 
DOE used the teardown model to calculate both the total unit cost, as well as component 

costs of the market-minimum flat blade fans. Table 5.6.3 provides the flat blade market-
minimum fan costs used in the engineering analysis for all representative sizes for standard and 
hugger product classes. 

 
Table 5.6.3  Baseline Ceiling Fan Costs  

Representative 
Size 

Standard Ceiling Fan 
Manufacturer Production Cost 

2021$ 

Hugger Ceiling Fan 
Manufacturer Production Cost 

2021$ 
44-inch 50.64 49.05 
52-inch 55.49 53.72 
60-inch 65.71 - 

Higher Efficiency Levels. DOE calculated cost deltas to determine the cost tradeoffs 
associated with adding each considered design option. DOE assumed that EL1 and EL2 would 
be met with a larger direct-drive AC induction motor. Relative to the baseline ceiling fan, ceiling 
fans at EL1 and EL2 would have a more expensive motor and the motor housing and ceiling fan 
mounting assembly would scale accordingly with the larger motor sizes. The motors sizes used 
at EL1 and EL2 are given in  Table 5.6.4. 
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Table 5.6.4  Higher EL Standard and Hugger Ceiling Fan Motor Sizes  
Product Class/ 

Representative Size EL1 Motor Size EL2 Motor Size 

Standard/44-inch 153 mm x 15 mm 172 mm x 14 mm 
Standard/52-inch 172 mm x 12 mm 172 mm x 17 mm 
Standard/60-inch 172 mm x 20 mm 188 mm x 20 mm 
Hugger/44-inch 153 mm x 15 mm 172 mm x 14 mm 
Hugger/52-inch 172 mm x 12 mm 172 mm x 17 mm 

Max-Tech Efficiency Level. DOE’s max-tech efficiency level assumes that ceiling fans 
use BLDC motors. DOE used a combination of product teardowns and manufacturer estimates of 
the relative cost delta for each blade span to transition from an AC motor to a BLDC motor to 
generate the MPC for each representative unit. DOE notes that making the change from a 
baseline five blade fan to a BLDC ceiling fan is assumed to meet EL4 and the only fans with 
natural material palm blades use BLDC motors below EL4. Therefore, there is no cost delta 
between EL3 and EL4. 

As discussed in section 5.6.2.1, DOE applied warranty factors to the motor plus controls 
costs generated by the teardown model. This warranty factor increases the cost differential 
between AC motors and BLDC motors. 

5.6.2.3 VSD Ceiling Fans 

Baseline Fan Costs. DOE calculated baseline fan costs for the least-efficient VSD ceiling 
fans based on both product teardowns and catalog teardowns of a baseline 13-inch ceiling fan. 
DOE determined the specifications of these ceiling fans primarily using publicly available 
ceiling fan data, including specification sheets and manufacturer descriptions. DOE used 
manufacturer literature to estimate the motor size of a minimally compliant fan. Because the 
VSD ceiling fans are niche products and have much smaller production volumes, their factory 
cost and, in turn their MPCs, are higher than those for standard and hugger ceiling fans. VSD 
ceiling fans also tend to have significantly higher rpms, which can require the use of a fan cage. 
DOE scaled the fan blades and cage size accordingly when estimating the baseline 16-inch 
ceiling fan. Table 5.6.5 provides the baseline VSD fan costs for the two representative sizes used 
in the engineering analysis . 

Table 5.6.5  Baseline Fan Costs for VSD Ceiling Fans 
Product Class/ 

Representative Size 
Manufacturer 

Production Cost $ 
VSD/13-inch 87.09 
VSD/16-inch 96.51 

Max-Tech Efficiency Level. DOE’s max-tech efficiency level assumes that ceiling fans 
use BLDC motors. DOE used a combination of product teardowns and manufacturer estimates of 
the relative cost delta for each blade span to transition from an AC motor to a BLDC motor to 
generate the MPC for each representative unit. The full cost-efficiency results are shown in 
section 5.9. 

5.6.3 Large-Diameter Ceiling Fans 
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For large-diameter ceiling fans, DOE calculated the manufacturer production cost of the 
baseline fans and the cost deltas using reverse engineering. DOE relied on testing and teardown 
data conducted during the January 2017 Final Rule and updated pricing to reflect the current 
prices.  

5.6.3.1 Baseline Fan Costs  

The baseline features for large-diameter fans are a three-phase geared AC motor and six 
aluminum airfoil blades. DOE relied on tear downs conducted during the January 2017 Final 
Rule which included large-diameter ceiling fans at other various efficiency levels. DOE relied on 
assumptions about the blades, motor, and controls to model a baseline ceiling fan and scaled 
from one representative size to another. DOE assumed that the primary difference between high-
airflow and low-airflow ceiling fans was the size of their motors based on observations in the 
market.  

DOE used a 1 HP motor to model the 8-foot and 12-foot high-airflow large diameter 
ceiling fans. DOE observed that above a certain blade span, manufacturers often increase motor 
size. Therefore, DOE used a 2 HP motor to model the 20-foot unit. These motor sizes were 
maintained for both geared motors and permanent magnet direct-drive motors.  

For low-airflow large-diameter ceiling fans, DOE used a 0.5 HP motor to model the 8-
foot unit. There were few 12-foot low-airflow units that used geared motors, but those that did 
used a 1 HP motor; therefore, DOE assumed that manufacturers would use a 1 HP motor for 
these units. DOE did observe several 12-foot direct-drive low-airflow units with smaller HP 
motors. Therefore, DOE assumed a 0.5 HP motor for the 12-foot direct drive unit when modeling 
the permanent magnet-direct drive efficiency level. For the 20-foot unit, DOE assumed that a 1 
HP motor would be used for both geared and direct-drive motors. The motor sizes used for large-
diameter ceiling fans are summarized in Table 5.6.6 

Table 5.6.6  Large-Diameter Ceiling Fan Representative Unit Motor Size  
Blade Span Efficiency 

Level 
Low-Airflow 

Motor 
High-Airflow 

Motor 

8-Foot 
EL0 0.5 HP 1 HP 
EL1 0.5 HP 1 HP 
EL2 0.5 HP 1 HP 

12-Foot 
EL0 1 HP 1 HP 
EL1 1 HP 1 HP 
EL2 0.5 HP 1 HP 

20-Foot 
EL0 1 HP 2 HP 
EL1 1 HP 2 HP 
EL2 1 HP 2 HP 

 

Motors with more horsepower are typically more expensive and require more advanced 
controls. Additionally, larger fans require more labor and materials for the blades, controls, and 
packaging material. DOE scaled the costs from one efficiency level of a representative size to the 
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same efficiency level at another representative size. The total costs for various components are 
shown in Table 5.6.7. 

 Table 5.6.7  Baseline Fan Costs for Large-Diameter Ceiling Fans 
Product Class/ 

Representative Size 

Fan 
blades  

$ 

Motor and 
Gearbox $ 

Controls 
$ 

Other 
Components $ 

Manufacturer 
Production Cost $ 

High-Airflow Large-
Diameter/8-foot 308.25 556.85 418.80 295.40 1,579.30 

High-Airflow Large-
Diameter/12-foot 349.00 556.85 418.80 299.42 1,624.06 

High-Airflow Large-
Diameter/20-foot 432.71 597.12 438.89 307.64 1,776.36 

Low-Airflow Large-
Diameter/8-foot 308.25 522.19 410.07 295.40 1,535.91 

Low-Airflow Large-
Diameter/12-foot 349.00 556.85 418.80 299.42 1,624.06 

Low-Airflow Large-
Diameter/20-foot 432.71 556.85 418.80 307.64 1,716.00 

5.6.3.2 Cost Deltas 

For large-diameter ceiling fans, DOE analyzed the cost deltas using teardowns, input 
from manufacturers, and publicly available data. The cost deltas were calculated for each design 
option as follows: 

• For the premium AC motor design option (EL1), DOE assumed that all ceiling fans 
used a similar motor size to baseline. DOE then evaluated motors of these sizes on 
the market, and compared the average price of a 0.5-, 1.0-, and 2.0-HP AC motor to 
the average price of a 0.5-, 1.0-, and 2.0-HP premium AC motor to derive the delta. 

• For the gearless BLDC motor design option, DOE compared the cost of a gearless 
BLDC motor to an AC motor with a gearbox from teardowns, and combined it with 
feedback from manufacturers to calculate the cost delta.  

Table 5.6.8, Table 5.6.9, and Table 5.6.10 provide the cost deltas that DOE used in the 
engineering analysis for each of the design options relative to the baseline for 8-, 12-, and 20-
foot large-diameter ceiling fans. 

 
Table 5.6.8  8-Foot High-Airflow Large-Diameter Ceiling Fan Design Option Cost Deltas 

Relative to Baseline Costs 

Design Option 
Cost Delta 8-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 4.7 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -5.9 18.9 -7.4 33.4 
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Table 5.6.9  12-Foot High-Airflow Large-Diameter Ceiling Fan Design Option Cost 
Deltas Relative to Baseline Costs 

Design Option 
Cost Delta 12-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 4.7 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -5.2 18.9 -7.4 33.0 

 
Table 5.6.10  20-Foot High-Airflow Large-Diameter Ceiling Fan Design Option Cost 

Deltas Relative to Baseline Costs 

Design Option 
Cost Delta 20-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 5.5 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -4.2 65.8 -11.7 32.1 

 

Table 5.6.11  8-Foot Low-Airflow Large-Diameter Ceiling Fan Design Option Cost Deltas 
Relative to Baseline Costs 

Design Option 
Cost Delta 8-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 3.8 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -5.9 5.8 -5.5 33.4 
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Table 5.6.12  12-Foot Low-Airflow Large-Diameter Ceiling Fan Design Option Cost Deltas 
Relative to Baseline Costs 

Design Option 
Cost Delta 12-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 4.7 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -5.2 -0.8 -7.4 33.0 

 
Table 5.6.13  20-Foot Low-Airflow Large-Diameter Ceiling Fan Design Option Cost Deltas 

Relative to Baseline Costs 

Design Option 
Cost Delta 20-Foot Ceiling Fans % 

Fan blades Motor and 
Gearbox Controls Other 

Components 
EL 1: Premium AC Motor 0.0 4.6 0.0 0.0 
EL 2: Permanent Magnet 
Direct-Drive Motor -4.2 18.9 -7.4 32.1 

 POWER CONSUMPTION MODEL 
The power consumption model estimates the power at various performance levels using a 

design option approach. For each product class and representative size, the model estimates the 
wattage delta at levels above the baseline. To determine energy savings that would result from a 
new energy conservation standard, the energy use at each of the higher energy efficiency levels 
is compared to the energy consumption at baseline as described in section 5.4.  

 
5.7.1 Standby Power 

5.7.1.1 Small-Diameter Ceiling Fans 
The majority of AC motor fans rely on a pull-chain switch that does not consume any 

power in the off position. Therefore, in DOE’s engineering analysis, DOE assumed that all AC 
motor ceiling fans use zero standby electricity. AC motor ceiling fans that use a remote control 
include a receiver that is ready to receive a signal at all times and therefore consumes power in 
standby. Based on conversations with manufacturers and DOE’s review of the market, DOE 
assumed that ceiling fans with remote controls use 0.7 W of power in standby. In its energy use 
analysis (see Chapter 7) DOE applied this standby power to the portion of the AC market that 
uses remote controls. 

BLDC motors rely on an electronic controller and feedback loop to control ceiling fan 
speed and on/off status. Unlike AC motors, BLDC motors cannot operate with only a mechanical 
switch. BLDC motor controllers must be ready to receive a signal at all times and therefore 
consumes power during standby operation. Based on manufacturer feedback and review of the 
market, DOE assumed that all BLDC motors consume 0.7 W of standby power. This is 
accounted for in the efficiency calculation in the engineering analysis and in the downstream 
analyses.  

5.7.1.2 Large-Diameter Ceiling Fans 
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DOE tested standby power on multiple large-diameter ceiling fans and found no 
relationship between standby power and representative size or between efficiency levels within 
representative sizes. Therefore, DOE used a representative standby power of 7 watts for all 
representative sizes and efficiency levels, consistent with the January 2017 Final Rule. 

 
5.7.2 Power Consumption  

5.7.2.1 Small-Diameter Ceiling Fans 
 In conjunction with the efficiency calculation, DOE also calculated power consumption 
at each efficiency level for each representative size. This information was used to perform an 
assessment of the energy use and energy savings associated with each efficiency level (see 
Chapter 7).  

To determine the power consumption at each efficiency level, DOE assumed that with 
each new design option, the fan’s airflow does not change from the baseline. Under this 
assumption, the improvement in efficiency (CFM/W) is attributable to a reduction in the fan’s 
power consumption only, and CFM is constant across all efficiency levels. DOE relied on market 
data to establish a representative airflow for each representative unit. DOE then estimated the 
typical power usage at high and low speed, and revised the estimates for each such that the 
CFM/W aligned with the current energy conservation standards.  For standard and hugger fans 
DOE analyzed efficiency levels associated with a 10 percent reduction in power usage (EL1) and 
a 20 percent reduction in power usage (EL2). DOE modeled this reduction in power usage by 
multiplying the baseline ceiling fan power consumption at high and low speeds by 0.9 and 0.8, 
respectively. DOE assumed the airflow at high speed and low speed would be maintained. DOE 
then calculated the CFM/W for the EL1 and EL2 efficiency levels.  

DOE used manufacturer literature to identify BLDC fans currently on the market and 
CEC and ENERGY STAR® database values to identify power usage and airflow. DOE relied on 
the database values for BLDC fans to estimate power usage at the baseline high and low airflows 
for each representative unit size. DOE then supplemented these estimates with manufacturer 
estimates on how much BLDC motors would decrease power usage compared to AC motors. 
DOE then calculated ceiling fan efficiency using a BLDC motor based on estimated power usage 
at low and high speed and assumed standby power usage.  

5.7.2.2 Large-Diameter Ceiling Fans 
For large-diameter ceiling fans, DOE relied on an efficiency level analysis to determine 

the CFEI associated with implementation of various design options. DOE assumed that ceiling 
fan CFM varied with fan speed; therefore, a ceiling fan operating at 20% speed would have and 
airflow that is 20% of maximum speed. Based on the CFEI40 values and CFEI100 values 
calculated during the efficiency level analysis, DOE calculated the power usage at 100 percent 
speed and 40 percent speed. DOE then used a cubic relationship to estimate power usage at 20 
percent, 60 percent, and 80 percent speed.  

 POWER CONSUMPTION RESULTS 
As discussed in section 5.7.2, DOE calculated power consumption (in watts) for each 
representative diameter, at each design option level. Table 5.8.1 through Table 5.8.5 summarize 
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the power consumption for small-diameter ceiling fans. Table 5.8.8 through Table 5.8.13 
summarize the power consumption of large-diameter ceiling fans. 
 
Table 5.8.1  Power Consumption for 44-Inch Standard Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 14.0 40.0 64.0 
1 10% Reduction in Power 

Consumption 12.6 36.0 57.6 

2 20% Reduction in Power 
Consumption 11.2 32.0 61.2 

3 Energy Star® Level 3.9 16.2 28.3 
4 BLDC Motor – Flat Blades 3.9 16.2 28.3 

 
Table 5.8.2  Power Consumption of 52-Inch Standard Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 18.0 46.5 75.0 
1 10% Reduction in Power 

Consumption 16.2 41.9 67.5 

2 20% Reduction in Power 
Consumption 14.4 37.2 60.0 

3 Energy Star® Level 4.4 20.0 35.7 
4 BLDC Motor – Flat Blades 4.4 20.0 35.7 

 
Table 5.8.3  Power Consumption of 60-Inch Standard Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 24.0 56.0 88.0 
1 10% Reduction in Power 

Consumption 21.6 50.4 79.2 

2 20% Reduction in Power 
Consumption 19.2 44.8 70.4 

3 Energy Star® Level 5.5 22.9 40.3 
4 BLDC Motor – Flat Blades 5.5 22.9 40.3 
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Table 5.8.4  Power Consumption of 44-Inch Hugger Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 17.0 44.0 71.0 

1 10% Reduction in Power 
Consumption 15.3 39.6 63.9 

2 20% Reduction in Power 
Consumption 13.6 35.2 56.8 

3 Energy Star® Level 4.1 16.1 28.2 
4 BLDC Motor – Flat Blades 4.1 16.1 28.2 

 
Table 5.8.5  Power Consumption of 52-inch Hugger Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 17.0 54.5 92.0 

1 10% Reduction in Power 
Consumption 15.3 49.1 82.8 

2 20% Reduction in Power 
Consumption 13.6 43.6 73.6 

3 Energy Star® Level 4.7 20.5 36.3 
4 BLDC Motor – Flat Blades 4.7 20.5 36.3 

 
 
Table 5.8.6  Power Consumption of 13-Inch VSD Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 28.0 45.5 63.0 
1 BLDC Motor 10.8 23.0 35.2 

 
 
Table 5.8.7  Power Consumption of 16-Inch VSD Ceiling Fans 

Efficiency 
Level Design Option 

Power Consumption W 

Low Speed Medium 
Speed High Speed 

0 Baseline 26.0 35.5 45.0 
1 BLDC Motor 10.0 20.5 31.0 
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Table 5.8.8  Power Consumption of 8-Foot High-Airflow Large-Diameter Ceiling Fans 

Efficiency 
Level Design Option 

20% 
Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 31.7 126.0 281.6 497.1 771.3 

1 Three-phase Geared 
Premium Induction Motor 32.5 122.3 257.5 426.3 617.1 

2 Permanent Magnet Direct 
Drive Motor 25.9 100.0 216.7 370.2 554.9 

 
Table 5.8.9  Power Consumption of 8-Foot Low-Airflow Large-Diameter Ceiling Fans 

Efficiency 
Level Design Option 

20% 
Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 25.5 93.5 190.9 304.7 421.8 

1 Three-phase Geared 
Premium Induction Motor 20.4 74.7 152.5 243.6 337.5 

2 Permanent Magnet Direct 
Drive Motor 19.4 70.4 142 223.4 303.5 

 
 
Table 5.8.10  Power Consumption of 12-Foot High-Airflow Large-Diameter Ceiling Fans 

Efficiency 
Level Design Option 

20% 
Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 41.8 187.2 465.9 907.9 1542.9 

1 Three-phase Geared 
Premium Induction Motor 44.1 181.6 420.6 768.9 1234.4 

2 Permanent Magnet Direct 
Drive Motor 34.7 148.6 356.1 671.8 1110.0 

 
 
Table 5.8.11  Power Consumption of 12-Foot Low-Airflow Large-Diameter Ceiling Fans 

Efficiency 
Level Design Option 

20% 
Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 31.6 125.7 281.0 496.1 770.0 

1 Three-phase Geared 
Premium Induction Motor 25.3 100.4 224.5 396.7 616.0 

2 Permanent Magnet Direct 
Drive Motor 24.2 94.6 208.4 362.5 554.0 

 
 



5-28 
 
 

Table 5.8.12  Power Consumption of 20-Foot High-Airflow Large-Diameter Ceiling Fans 
Efficiency 

Level Design Option 
20% 

Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 50.8 234.2 596.8 1185.1 2045.6 

1 Three-phase Geared 
Premium Induction Motor 53.9 227.3 537.3 1001.3 1636.5 

2 Permanent Magnet Direct 
Drive Motor 42.4 186.0 455.6 875.9 1471.7 

 
Table 5.8.13  Power Consumption of 20-Foot Low-Airflow Large-Diameter Ceiling Fans 

Efficiency 
Level Design Option 

20% 
Speed 
(W) 

40% 
Speed 
(W) 

60% 
Speed 
(W) 

80% 
Speed 
(W) 

100% 
Speed 
(W) 

0 Baseline - Three-Phase 
Geared Induction Motor 38.4 155.0 352.2 632.3 997.6 

1 Three-phase Geared 
Premium Induction Motor 30.6 123.8 281.5 505.6 798.1 

2 Permanent Magnet Direct 
Drive Motor 29.3 116.7 261.2 461.8 717.7 

 COST-EFFICIENCY RESULTS 

The result of the engineering analysis is a set of cost-efficiency results. DOE developed 
seven curves representing small-diameter fans and six curves representing large-diameter fans, 
using the baseline specifications and design options previously described. Table 5.9.1 through 
Table 5.9.7 summarize the cost-efficiency data for small-diameter ceiling fan representative units 
and Figure 5.9.1 through Figure 5.9.7 present the cost-efficiency curves for the small-diameter 
ceiling fan representative units. Table 5.9.1 through Table 5.9.12 summarize the cost-efficiency 
data for the large-diameter ceiling fans representative units and Figure 5.9.8 through Figure 
5.9.19 present the cost-efficiency curves for the large-diameter ceiling fans representative units.  

 

Table 5.9.1  Cost-Efficiency Data for 44-Inch Standard Ceiling Fans 
Efficiency Level Description Efficiency 

(CFM/W) 
MPC 

(2021$) 
EL0 Baseline 67 $50.64 
EL1 10 percent reduction in 

power consumption 74 $53.76 

EL2 20 percent reduction in 
power consumption 83 $58.04 

EL3 ENERGY STAR® Level 89 $73.58 
EL4 BLDC Motor – Flat Blades 144 $73.58 
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Table 5.9.2  Cost-Efficiency Data for 52-Inch Standard Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 72 $55.49 

EL1 10 percent reduction in power 
consumption 80 $58.01 

EL2 20 percent reduction in power 
consumption 90 $63.97 

EL3 ENERGY STAR® Level 110 $76.10 
EL4 BLDC Motor – Flat Blades 152 $76.10 

 

Table 5.9.3  Cost-Efficiency Data for 60-Inch Standard Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 77 $65.71 

EL1 10 percent reduction in power 
consumption 84 $70.86 

EL2 20 percent reduction in power 
consumption 94 $77.26 

EL3 ENERGY STAR® Level 131 $80.15 
EL4 BLDC Motor – Flat Blades 168 $80.15 

 

Table 5.9.4  Cost-Efficiency Data for 44-Inch Hugger Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 47 $49.05 

EL1 10 percent reduction in power 
consumption 54 $51.99 

EL2 20 percent reduction in power 
consumption 60 $55.99 

EL3 ENERGY STAR® Level 62 $72.17 
EL4 BLDC Motor – Flat Blades 118 $72.17 

 

Table 5.9.5  Cost-Efficiency Data for 52-Inch Hugger Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 50 $53.72 

EL1 10 percent reduction in power 
consumption 57 $56.06 

EL2 20 percent reduction in power 
consumption 64 $61.65 

EL3 ENERGY STAR® Level 76 $75.94 
EL4 BLDC Motor – Flat Blades 125 $75.94 
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Table 5.9.6   Cost-Efficiency Data for 13-Inch VSD Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 24 $87.09 
EL1 BLDC Motor 44 $121.59 

 

Table 5.9.7   Cost-Efficiency Data for 16-Inch VSD Ceiling Fans 
Efficiency 

Level Description Efficiency 
(CFM/W) 

MPC 
(2021$) 

EL0 Baseline 34 $96.51 
EL1 BLDC Motor 53 $130.93 

 
Table 5.9.8  Cost-Efficiency Data for 12-foot High-Airflow Ceiling Fan 

Efficiency 
Level Description CFEI100 CFEI40 MPC 

(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,624.06 

EL1 Three-phased geared 
premium induction motor 1.25 1.35 $1,650.18 

EL2 Permanent magnet direct 
drive motor 1.39 1.65 $1,778.44 

 
Table 5.9.9  Cost-Efficiency Data for 20-foot High-Airflow Ceiling Fan 

Efficiency 
Level Description CFEI100 CFEI40 MPC 

(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,776.36 

EL1 Three-phased geared 
premium induction motor 1.25 1.35 $1,809.78 

EL2 Permanent magnet direct 
drive motor 1.39 1.65 $2,198.76 

 
Table 5.9.10  Cost-Efficiency Data for 8-foot Low-Airflow Ceiling Fan 

Efficiency 
Level Description CFEI100 CFEI40 MPC 

(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,535.91 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,555.82 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,624.21 
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Table 5.9.11  Cost-Efficiency Data for 12-foot Low-Airflow Ceiling Fan 
Efficiency 

Level Description CFEI100 CFEI40 MPC 
(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,624.06 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,650.18 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,668.98 

 
Table 5.9.12  Cost-Efficiency Data for 20-foot Low-Airflow Ceiling Fan 

Efficiency 
Level Description CFEI100 CFEI40 MPC 

(2021$) 

EL0 Baseline – Three-phased 
geared induction motor 1.00 1.31 $1,716.00 

EL1 Three-phased geared 
premium induction motor 1.25 1.64 $1,742.12 

EL2 Permanent magnet direct 
drive motor 1.39 1.74 $1,870.37 

 
 
 

 
Figure 5.9.1  Cost-Efficiency Curves for 44-Inch Standard Ceiling Fans 
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Figure 5.9.2  Cost-Efficiency Curves for 52-Inch Standard Ceiling Fans 
 
 

 
Figure 5.9.3  Cost-Efficiency Curves for 60-Inch Standard Ceiling Fans 
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Figure 5.9.4  Cost-Efficiency Curves for 44-Inch Hugger Ceiling Fans 
 
 

 
Figure 5.9.5  Cost-Efficiency Curves for 52-Inch Hugger Ceiling Fans 
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Figure 5.9.6  Cost-Efficiency Curves for 13-Inch VSD Ceiling Fans 
 
 

 
Figure 5.9.7  Cost-Efficiency Curves for 16-Inch VSD Ceiling Fans 
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Figure 5.9.8  Cost-Efficiency Curves for 8-Foot High-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.9  Cost-Efficiency Curves for 8-Foot High-Airflow Ceiling Fan – CFEI40 
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Figure 5.9.10  Cost-Efficiency Curves for 12-Foot High-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.11  Cost-Efficiency Curves for 12-Foot High-Airflow Ceiling Fan – CFEI40 
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Figure 5.9.12  Cost-Efficiency Curves for 20-Foot High-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.13  Cost-Efficiency Curves for 20-Foot High-Airflow Ceiling Fan – CFEI40 
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Figure 5.9.14  Cost-Efficiency Curves for 8-Foot Low-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.15  Cost-Efficiency Curves for 8-Foot Low-Airflow Ceiling Fan – CFEI40 
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Figure 5.9.16  Cost-Efficiency Curves for 12-Foot Low-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.17  Cost-Efficiency Curves for 12-Foot Low-Airflow Ceiling Fan – CFEI40 
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Figure 5.9.18  Cost-Efficiency Curves for 20-Foot Low-Airflow Ceiling Fan – CFEI100 
 
 

 
Figure 5.9.19  Cost-Efficiency Curves for 20-Foot Low-Airflow Ceiling Fan – CFEI40 
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CHAPTER 6. MARKUPS ANALYSIS 

6.1 INTRODUCTION 

To carry out its analyses, the U.S. Department of Energy (DOE) develops appropriate 
markups (e.g., manufacturer markups, wholesaler markups, contractor markups, retailer 
markups) in the distribution chain and sales taxes to convert manufacture production cost (MPC) 
estimates derived in the engineering analysis to consumer prices, which are then used in the LCC 
and PBP analysis. 

 As a first step, DOE converts the MPC to the manufacturer selling price (MSP) by 
applying a manufacturer markup. The MSP is the price the manufacturer charges its first 
customer, when selling into the product distribution channels. DOE relied on publicly available 
financial data to estimate an industry-average manufacturer markup.  
 

DOE further develops markups for each actor in the distribution chain (after the product 
leaves the manufacturer). At each point in a distribution channel, companies mark up the price of 
a product to cover their business costs and profit margin. In financial statements, gross margin 
(“GM”) is the difference between the company revenue and the company cost of goods sold 
(“CGS”). The GM takes account of the expenses of companies in the distribution channel, 
including overhead costs (sales, general, and administration); research and development 
(“R&D”); interest expenses; depreciation; and taxes—and company profits. To cover costs and 
to contribute positively to company cash flow, the price of products must include a markup. 
Products command lower or higher markups depending on company expenses associated with 
the product and the degree of market competition. 

DOE estimates a baseline markup and an incremental markup for each market participant 
besides manufacturers. DOE defines a baseline markup as a multiplier that converts the MSP of 
equipment with baseline efficiency to the consumer purchase price. An incremental markup is 
defined as the multiplier to convert the incremental increase in MSP of higher efficiency 
equipment to the consumer purchase price. Because companies mark up the price at each point in 
the distribution channel, both overall baseline and incremental markups are dependent on the 
distribution channel, as described in Section 6.2. 

6.2 DISTRIBUTION CHANNELS 

The appropriate markups for determining purchase prices depend on the type of 
distribution channels through which products move from manufacturers to consumers. DOE 
considered two major categories of ceiling fans in this analysis: one is comprised of standard, 
hugger and very-small-diameter (VSD) ceiling fans; the other type represents large-diameter 
ceilings fans. The first category of ceiling fans is mostly seen in residential applications; whereas 
large-diameter ceiling fans are installed in commercial and industrial applications.  

DOE identified four distribution channels for standard, hugger and VSD ceiling fans 
based on the manufacturer interviews. In the first distribution channel, the manufacturer sells the 
product to a home improvement center who in turn sells the product to the consumer. The second 
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distribution channel is similar to the first one; the difference is that this channel characterizes the 
distribution of in-store label ceiling fans sold by home improvement centers. For these ceiling 
fans the home improvement center serves as both a manufacturer and a retailer, so DOE 
developed an overall markup that covers both the cost of manufacturing and selling the product. 
In the third distribution channel, the manufacturer sells the product to an electric wholesaler, who 
in turn sells it to a contractor, who then in turn sells the product to the consumer. The primary 
role of contractors in this distribution channel is to provide the installation service. While the 
markups analysis did not take into account installations costs (see chapter 8 of this preliminary 
TSD for discussion of how installation costs were handled), based on 2020 RSMeans Electrical 
Cost Data, the installing contractors typically markup the cost of materials to consumers by 10 
percent, separate from the labor cost to install the ceiling fan.1 Hence, DOE applied a single 
contractor markup of 1.10 to all ceiling fans that pass through the wholesaler-contractor 
distribution channel. In the last distribution channel, the manufacturer sells the product to a 
showroom, who in turn sells the product to the consumer. Figure 6.2.1 illustrates the four 
distribution channels for standard, hugger and VSD ceiling fans:  

 
 
 
 
 
    
 
 
 
 
 
 
    
 
 
 
 
 
 

 
 
Figure 6.2.1 Distribution Channels for Standard, Hugger and VSD Ceiling Fans 
 

Table 6.2.1 summarizes the current sales distribution by each channel in 2021 based on 
manufacturer feedback, and DOE expected the share of distribution channels will stay the same 
when the standard takes effect in 2027. The market shares projected for the compliance year 
were assumed to be constant over the analysis period. DOE notes that there is insufficient data 
supporting the estimation of a separate markup for ceiling fans sold through online channels; 
hence, DOE accounted for online sales in the first distribution channel (manufacturer  home 
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improvement center  consumer) and notes that the market share of that channel has increased 
compared to that used in the January 2017 Final Rule.  

Table 6.2.1 Estimated Market Shares by Distribution Channel in 2027 

Distribution Channel Market Share 
in 2027 

Manufacturer  Home Improvement Center  Consumer 45% 
Manufacturer/Home Improvement Center (in-store label)  Consumer 36% 
Manufacturer  Wholesaler  Contractor  Consumer 4% 
Manufacturer  Showroom  Consumer 15% 

 
 

The major distribution channel considered for large-diameter ceiling fans is that the 
manufacturer sells the product to a dealer, who in turn sells it to the customer. DOE is also aware 
of another direct sale channel for large-diameter ceiling fans where the manufacturer sells the 
product directly to a customer through their in-house dealer. In this case, DOE is assuming the 
markup for in-house dealers is the same as the conventional dealer markup; therefore, the overall 
markup for the direct sale channel is the same as the manufacturer-to-dealer-to-customer 
distribution channel. Figure 6.2.2 shows the two distribution channels for large-diameter ceiling 
fans.  

 
 
 
 
 
 
 
 
 
Figure 6.2.2 Distribution Channels for Large-Diameter Ceiling Fans 

6.3 MANUFACTURER MARKUP  

DOE uses the manufacturer markups to convert manufacturer production costs to 
manufacturer selling prices. The manufacturer markup covers all manufacturer non-production 
costs (e.g., SG&A, R&D, and interest) and profit. 

DOE considered the average manufacturer markup from the January 2017 Ceiling Fan 
Final Rule to be the most robust data available.2 DOE estimated the industry average 
manufacturer markup to be 1.37 for both standard, hugger and VSD ceiling fans and large-
diameter ceiling fans.  
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6.4 MARKUPS FOR RETAILER AND WHOLESALER 

A change in energy efficiency standards usually increases the manufacturer selling price that 
wholesalers or retailers pay. In the past, DOE used the same markups as for baseline products to 
estimate the product price of more efficient product. Applying a fixed markup on higher 
manufacturer selling price would imply an increase in the dollar margin earned by retailers and 
wholesalers, and an increase in per-unit profit.  

 Based on microeconomic theory, the degree to which firms can pass along a cost increase 
depends on the level of market competition, as well as the market structure on both the supply 
and demand side (e.g., supply and demand elasticity). DOE examined industry data from 
IBISWorld and the results suggest the industry groups involved in appliance retail and wholesale 
exhibit a strong degree of competition (see appendix 6A).1 In addition, consumer demand for 
household appliances is relatively inelastic (i.e., demand is not expected to decrease substantially 
with an increase in the price of products). Under relatively competitive markets, it may be 
tenable for retailers or wholesalers to maintain a fixed markup for a short period of time after an 
input price increase, but the market competition should eventually force them to readjust their 
markups to reach a medium-term equilibrium in which per-unit profit is relatively unchanged 
before and after standards are implemented. 

 Thus, DOE concluded that applying fixed markups for both baseline products and higher-
priced products meeting a standard is not viable in the medium to long term considering the 
competitive nature of the appliance retail industry. DOE developed the incremental markup 
approach based on the widely accepted economic view that firms are not able to sustain a 
persistently higher dollar profit in a competitive market in the medium term. If the price of the 
product increases under standards, the only way to maintain the same dollar profit as before is 
for the markup (and percent gross margin) to decline. 

 To estimate the markup under standards, DOE derived an incremental markup that is 
applied to the incremental product costs of higher efficiency products. The overall markup on the 
products meeting standards is an average of the markup on the component of the cost that is 
equal to the baseline product and the markup on the incremental cost accrued due to standards, 
weighted by the share of each in the total cost of the standards-compliant product. 

 DOE’s incremental markup approach allows the part of the cost that is thought to be 
affected by the standard to scale with the change in manufacturer price. The income statements 
DOE used to develop retailer and wholesaler markups itemize firm costs into a number of 
expense categories, including direct costs to purchase or install the product, operating labor and 
occupancy costs, and other operating costs and profit. Although retailers and wholesalers tend to 
handle multiple commodity lines, DOE contends that these aggregated data provide the most 
accurate available indication of the cost structure of distribution channel participants.  
 DOE uses these income statements to divide firm costs between those that are not likely 
to scale with the manufacturer price of products (labor and occupancy expenses, or “invariant” 
costs) and those that are (operating expenses and profit, or “variant” costs). For example, when 
the manufacturer selling price of products increases, only a fraction of a retailer’s expenses 
                                                 
1 IBISWorld, US Industry Reports (NAICS): www.ibisworld.com (Last accessed March 2021.) 

http://www.ibisworld.com/
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increase (operating expenses and profit), while the remainder can be expected to stay relatively 
constant (labor and occupancy expenses). If the unit price of freestanding compact cooler 
increases by 20 percent under standards, it is unlikely that the cost of secretarial support in an 
administrative office or office rental expenses will increase proportionally.  
 See Appendix 6A for further evidence supporting the use of incremental markups in this 
analysis. The derivation of incremental markups for retailers and wholesalers is described in the 
following sections.  

6.4.1 Approach for Home Improvement Center and Showroom Markups  

According to TraQline® ceiling fan data, approximately 73.6 percent of the ceiling fan 
retail market in the home improvement center channel was dominated by three major home 
improvement centers in 2020, Home Depot (34.3 percent), Lowe’s (31.2 percent) and Wal-Mart 
(8.2 percent). 2 Other smaller retailers comprise the rest of the of the ceiling fan market in this 
channel. As indicated in the market assessment analysis, Hampton Bay and Harbor Breeze 
ceiling fans are among the top three ceiling fan brands in the market, and they are the in-store 
labels for Home Depot and Lowe’s, respectively. In this case, Home Depot and Lowe’s serve as 
both an in-store brand manufacturer and a retailer that carries ceiling fans of their own exclusive 
labels and of other independent labels. Hence, DOE developed a separate distribution channel for 
this case and estimated its associated markup separately; more details are described in section 
6.5.1.      

Since those top three home improvement centers are publicly owned companies, they are 
required by law to disclose financial information on a regular basis by the U.S. Securities and 
Exchange Commission (SEC). The annual SEC form 10-K report provides a comprehensive 
overview of the company’s business and financial conditions. Relevant information required for 
calculating the markups includes the company’s revenues and direct and indirect costs which are 
all available in the income statement section of the 10-K reports.  

DOE used the following two equations to calculate baseline and incremental markups 
using the financial data available from 10-K reports.  

𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝑁𝑁𝑁𝑁𝑁𝑁 𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁𝑆𝑆

𝐶𝐶𝐶𝐶𝑆𝑆𝑁𝑁 𝐶𝐶𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁𝑆𝑆
 

 
The incremental markup applied to higher efficiency product is lower than the baseline 

markup because DOE assumed that expenses like labor and occupancy costs remain fixed and 
need not be recovered in the markup. Profit and other operating costs were assumed to be 
variable and to scale with the manufacturer selling price. The SEC 10-K reports did not typically 
separate labor and occupancy costs from overall expenses, so DOE assumed that these fixed 
costs are encompassed by “selling, distribution and administrative expenses.” DOE also assumed 
that “operating profit” (operating income) covers other operating costs and profit (i.e. variable 
cost). Each company’s incremental markup was calculated as:  

                                                 
2 TraQline® is a quarterly market share tracker of 150,000+ consumers. 
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𝑀𝑀𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 1 +
𝑂𝑂𝑂𝑂𝑁𝑁𝑂𝑂𝑆𝑆𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂 𝑃𝑃𝑂𝑂𝐶𝐶𝑜𝑜𝑂𝑂𝑁𝑁
𝐶𝐶𝐶𝐶𝑆𝑆𝑁𝑁 𝐶𝐶𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑁𝑁𝑆𝑆

 

 
In addition, DOE calculated the overall markups for home improvement centers based on 

industry-level financial data for building material and supplies dealers from the 2017 U.S. 
Census Bureau’s Annual Retail Trade Survey (ARTS) , which is the most recent survey available 
with detailed operating expenses for this particular sector.3DOE organized the financial data into 
statements that break down cost components incurred by firms in this category. DOE assumes 
that the income statements faithfully represent the various average costs incurred by firms selling 
home appliances. Although home improvement centers handle multiple commodity lines, the 
data provide the most accurate available indication of expenses for selling ceiling fans.  

The 2017 ARTS data provided for home improvement centers contain total sales, gross 
margin and detailed operating expenses. DOE calculated the baseline markup (MUBASE) for home 
improvement centers as an average markup using the following equation: 

𝑀𝑀𝑀𝑀𝐻𝐻𝐼𝐼𝐼𝐼_𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝐶𝐶𝐶𝐶𝑆𝑆𝐻𝐻𝐼𝐼𝐼𝐼 + 𝐶𝐶𝑀𝑀𝐻𝐻𝐼𝐼𝐼𝐼

𝐶𝐶𝐶𝐶𝑆𝑆𝐻𝐻𝐼𝐼𝐼𝐼
 

Where: 
MUHIC_BASE =  baseline home improvement center markup, 
CGSHIC = home improvement center’s cost of goods sold, and 
GMHIC = homer improvement center’s gross margin.  
 
To estimate incremental markups, DOE divides the operating expenses into two 

categories: (1) those that do not change when CGS increases due to amended efficiency 
standards (“invariant”), and (2) those that increase proportionately with CGS (“variant”). DOE 
defines invariant costs to include labor and occupancy expenses, because these costs are not 
likely to increase as a result of a rise in CGS due to amended efficiency standards. All other 
expenses, as well as the net profit, are assumed to vary in proportion to CGS. Although it is 
possible that some of the other expenses may not scale with CGS, DOE is inclined to take a more 
conservative position and include these as variant costs.  

DOE calculated the incremental markup (MUINCR) for home improvement centers using 
the following equation: 

𝑀𝑀𝑀𝑀𝐻𝐻𝐼𝐼𝐼𝐼_𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 =
𝐶𝐶𝐶𝐶𝑆𝑆𝐻𝐻𝐼𝐼𝐼𝐼 + 𝑉𝑉𝐶𝐶𝐻𝐻𝐼𝐼𝐼𝐼

𝐶𝐶𝐶𝐶𝑆𝑆𝐻𝐻𝐼𝐼𝐼𝐼
 

Where: 
MUHIC_INCR =  incremental home improvement center markup, 
CGSHIC = home improvement center’s cost of goods sold, and 
VCHIC = home improvement center’s variant costs. 

 
After obtaining these two sets of markups, one representing the top three home 

improvement centers, and the other representing the overall building material and supplies 
dealers, DOE combined them to calculate the average markups weighted by market share. The 
markup results for home improvement centers are summarized in Table 6.5.3.  
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For those ceiling fans that go through the showroom distribution channel, where the 
manufacturer sells the product to a showroom who in turn sells it to the consumer, public 
financial data for showrooms are not available. Therefore, DOE based the baseline markup 
estimation on manufacturer interviews. To calculate the incremental markup, DOE applied the 
ratio between baseline and increment markup for home improvement centers to the showroom 
baseline markup.   

6.4.2 Approach for Wholesaler Markup  

DOE developed baseline and incremental markups for household appliances and 
electrical and electronic goods merchant wholesalers using the industry-level income statement 
from the 2017 U.S. Census Annual Wholesale Trade Report (“AWTR”), which is the most recent 
survey available with detailed operating expenses for this particular sector.4 The baseline 
markups cover all of the wholesaler’s costs (both invariant costs and variant costs). DOE 
calculated the baseline markup for wholesalers using the following equation: 

𝑴𝑴𝑴𝑴𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 =
𝑪𝑪𝑪𝑪𝑩𝑩𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑩𝑩 + 𝑪𝑪𝑴𝑴𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑩𝑩

𝑪𝑪𝑪𝑪𝑩𝑩𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑩𝑩
 

 
Where: 

MUBASE = baseline wholesaler markup,  
CGSWHOLE = wholesaler cost of goods sold, and 
GMWHOLE = wholesaler gross margin,  

 
Incremental markups are coefficients that relate the change in the MSP of more energy-

efficient models, or those products that meet the requirements of new energy conservation 
standards, to the change in the wholesaler sales price. Incremental markups cover only those 
costs that scale with a change in the MSP (variant costs, VC). DOE calculated the incremental 
markup (MUINCR) for wholesalers using the following equation: 

WHOLE

WHOLEWHOLE
INCR CGS

VCCGSMU +
=

 
Where: 

MUINCR = incremental wholesaler markup, 
CGSWHOLE = wholesaler cost of goods sold, and 
VCWHOLE= wholesaler variant costs. 

 
The markup results for ceiling fan wholesalers can be found in Table 6.5.4. 

6.4.3 Approach for Dealer Markup  

For large-diameter ceiling fans which are mostly for industrial and commercial use, the 
products are typically sold through dealers (either in-house or third-party) then sold in turn to 
end users. Through assessment of this market, DOE obtained a list of ceiling fan dealers, and 
Grainger, Inc. is one of the few public companies among all the major dealers. Analogous to 
what was done for the top three home improvement centers; DOE used the financial data from 
SEC 10-K report of Grainger, Inc. covering the period between 2016 and 2020, to estimate the 
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average baseline and incremental markups. DOE assumed that the business practice and 
profitability of handling large-diameter ceiling fan do not vary a lot between public and private 
companies so that markups derived from Grainger, Inc. is representative of the ceiling fan dealer 
industry. The markup results are shown in Table 6.5.5. 

6.5 DERIVATION OF MARKUPS 

6.5.1 Home Improvement Center and Showroom Markups  

The annual SEC form 10-K report provides a comprehensive overview of the company’s 
business and financial conditions. Relevant information required for calculating the markups 
includes the company’s revenues and direct and indirect costs which are all available in the 
income statement section of the 10-K reports. The average baseline and incremental markups 
from 10-K report for the three major retailers were summarized in Table 6.5.1.  

Table 6.5.1 Markup Estimation for the Top Three Home Improvement Centers 

Company Financial Figures  
($1,000,000) 

Year 
2016 2017 2018 2019 2020 

The Home 
Depot 

Net Sales 94,595 100,904 108,203 110,225 132,110 
Cost of Sales 62,285 66,548 71,043 72,653 87,257 

Operating Profit 13,427 14,681 15,530 15,843 18,278 
Baseline MU 1.52 1.52 1.52 1.52 1.51 

Incremental MU 1.22 1.22 1.22 1.22 1.21 
Average (Baseline/Incremental) 1.52/1.22 

Lowe’s 

Net Sales 65,017 68,619 71,309 72,148 89,597 
Cost of Sales 42,553 46,185 48,401 49,205 60,025 

Operating Profit 5,846 6,586 4,018 6,314 9,647 
Baseline MU 1.53 1.49 1.47 1.47 1.49 

Incremental MU 1.14 1.14 1.08 1.13 1.16 
Average (Baseline/Incremental) 1.49/1.13 

Wal-Mart 

Net Sales 485,873 550,343 514,405 519,926 555,233 
Cost of Sales 361,256 373,396 385,301 394,605 420,315 

Operating Profit 22,764 20,437 21,957 20,568 22,548 
Baseline MU 1.34 1.34 1.34 1.32 1.32 

Incremental MU 1.06 1.05 1.06 1.05 1.05 
Average (Baseline/Incremental) 1.33/1.06 

Source: U.S. Securities and Exchange Commission, 10-K reports 2016 to 2020  
 

DOE also calculated the overall markups for home improvement centers based on 
industry-level financial data for building material and supplies dealers from the 2017 ARTS.3 
DOE organized the financial data into statements that break down cost components incurred by 
firms in this category. Table 6.5.2. shows the calculation of the baseline retailer markup. 
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Table 6.5.2 Data for Baseline Markup Calculation: Building Material and Supplies 

Dealers 
Kind of business item Amount ($1,000,000) 

Sales 319,333 
Cost of Goods Sold (CGS) 205,103 
Gross Margin (GM) 114,230 
Baseline Markup = (CGS+GM)/CGS 1.56 

Source: U.S. Census Bureau 2017 Annual Retail Trade Survey  
 
 Table 6.5.3 shows the breakdown of operating expenses using the 2017 ARTS data. The 
incremental markup is calculated as 1.28. 
 
Table 6.5.3 Data for Incremental Markup Calculation: Building Material and Supplies 

Dealers 
Kind of business and item Amount ($1,000,000) 
Sales 319,333 
Cost of Goods Sold (CGS) 205,103 
Gross Margin (GM) 114,230 

Labor & Occupancy Expenses (“Fixed”) 
Annual payroll 38,567 
employer costs for fringe benefit 7,780 
Contract labor costs including temporary help 642 
Purchased utilities, total 1,808 
Purchased Repairs and Maintenance to Buildings, Structures, and Offices 966 
Lease and Rental Payments for Land, Buildings, Structures, Store Space, and Offices 4,565 
Cost of purchased professional and technical services 1,124 
Purchased communication services 678 
Purchased Repairs and Maintenance to Machinery and Equipment 985 
Lease and Rental Payments for Machinery, Equipment, and Other Tangible Items 551 

Subtotal: 57,666 
Other Operating Expenses & Profit (“Variable”)  

Expensed equipment 734 
Cost of purchased packaging and containers 155 
Other materials and supplies not for resale 1,315 
Cost of purchased transportation, shipping and warehousing services 1,160 
Cost of purchased advertising and promotional services 2,917 
Cost of purchased software 273 
Cost of data processing and other purchased computer services 426 
Commission expenses 523 
Depreciation and amortization charges 4,812 
Taxes and license fees (mostly income taxes) 1,722 
Other operating expenses  9,083 
Net profit before tax (Operating profit) 33,443 

Subtotal: 56,563 
Incremental Markup = (CGS+Total Other Operating Expenses and Profit)/CGS 1.28 

Source: U.S. Census, 2017 Annual Retail Trade Survey  
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 DOE then calculated the weighted average markups by combining these two sets of 
markups with their corresponding markup share, as shown in Table 6.5.4. 

Table 6.5.4 Markup Summary for Home Improvement Centers 
Retailer Market Share Baseline MU Incremental MU 

Home Depot 34.3% 1.52 1.22 

Lowe's 31.1% 1.49 1.13 

Wal-Mart 8.2% 1.33 1.06 

Others 26.4% 1.56 1.28 

Weighting Average Markups 1.50 1.19 
 

As mentioned previously, for in-store label ceiling fans sold through home improvement 
centers, the home improvement centers are involved with not only selling but also manufacturing 
ceiling fans. Hence, DOE contends that the overall markup for this distribution channel consists 
of the 1.10 markup for the brands’ U.S. offices as suggested by industry experts.5 The baseline 
and incremental markups applied by home improvement centers to in-store label ceiling fans can 
be estimated to be 1.65 and 1.31, respectively.    

DOE estimated that 15 percent of the ceiling fan market goes through the showroom 
distribution channel where the manufacturer sells the product to the showroom who in turn sells 
it to the consumer. However, the financial data specific for showrooms are mostly not publicly 
available. In accordance with manufacturer interviews, it’s estimated that the showroom markup 
should be higher than the home improvement center markup because showrooms usually carry 
specialty ceiling fans with smaller quantities. DOE therefore used the value of 2.0 provided in 
manufacturer interviews as the estimated baseline markup for showrooms. DOE then applied the 
same ratio between baseline and increment markup for home improvement centers to the 
baseline markup of 2.0 to derive an incremental markup for showroom. The resulting 
incremental markup for showroom is 1.59. 

6.5.2 Wholesaler Markups  

The 2017 AWTR data for household appliances and electrical and electronic goods 
merchant wholesalers provides total sales data and detailed operating expenses representing 
celling fan wholesalers, similar to the data used in developing retailer markups. Hence, DOE 
took the same approach as described previously to construct a complete data set for that 
particular sector and estimated their baseline and incremental markups. Table 6.5.5 presents the 
calculation of the baseline retailer markup.  
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Table 6.5.5 Data for Baseline Markup Calculation: Household Appliances and Electrical 
and Electronic Goods Merchant Wholesale 

Kind of business item Amount ($1,000,000) 
Sales 583,634 
Cost of Goods Sold (CGS) 433,056 
Gross Margin (GM) 150,578 
Baseline Markup = (CGS+GM)/CGS 1.35 

 Source: U.S. Census, 2017 Annual Wholesale Trade Report 
 
 Table 6.5.6 shows the breakdown of operating expenses using the 2017 AWTR data. The 
incremental markup is calculated as 1.20. 
 
Table 6.5.6 Data for Incremental Markup Calculation: Household Appliances and 

Electrical and Electronic Goods Merchant Wholesale 
 Amount ($1,000,000) 
Sales 583,634 
Cost of Goods Sold (CGS) 433,056 
Gross Margin (GM) 150,578 

Labor & Occupancy Expenses (“Fixed”) 
Total payroll, other employee wages  44,715 
Total fringe benefits  10,082 
Temporary staff and leased employee expenses 1,797 
Rental costs of machinery and equipment  - 
Rental costs of buildings  3,440 
Cost of repair to building 566 
Cost of repair to machinery and equipment 592 
Purchased communication services 973 
Purchased utilities, total 522 

Subtotal: 62,687 
Other Operating Expenses & Profit (“Variable”) 

Purchased professional and technical services 5,087 
Data processing and other purchased computer services 649 
Expensed computer hardware and other equipment 1,147 
Expensed purchases of software 889 
Advertising and promotion services 5,627 
All other expenses - 
Purchased transportation, shipping and warehousing services - 
Taxes and license fees 843 
Total depreciation  4,956 
Commission expenses 3,074 
Purchases of packaging material and containers - 
Purchases of other materials, parts, and supplies (not for resale) 943 
Net profit before tax (Operating profit) 51,636 

Subtotal: 87,891 
Incremental Markup = (CGS+Total Other Operating Expenses and Profit)/CGS 1.20 

 Source: U.S. Census, 2017 Annual Wholesale Trade Report  
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6.5.3 Dealer Markups for Large-Diameter Fans 

As mentioned in section 6.4.3, DOE estimated the average baseline and incremental 
markups for dealers based on the financial data from SEC 10-K report of Grainger, Inc. from 
2016 to 2020, which were summarized in Table 6.5.7.  

Table 6.5.7 Markup Estimation for Dealers 

Company Financial Figures 
($1,000,000) 

Year 
2016 2017 2018 2019 2020 

Grainger, 
Inc. 

Net Sales 10,137 10,425 11,221 11,486 11,797 
Cost of Sales 6,022 6,327 6,873 7,089 7,559 

Operating Profit 1,113 1,035 1,158 1,262 1,019 
Baseline MU 1.68 1.65 1.63 1.62 1.56 

Incremental MU 1.18 1.16 1.17 1.18 1.13 
Average (Baseline/ Incremental) 1.63/1.17 

Source: U.S. Securities and Exchange Commission, 10-K reports 2016 to 2020 
 

DOE also considered another direct sale distribution channel for large-diameter ceiling 
fans where the manufacturer sells the product directly to the customer. In this case, the 
manufacturers often provide installation service using their in-house dealers, and an extra 
markup will be added on equipment price in addition to the manufacturer markup to cover the 
costs for in-house dealers. This in-house dealer markup was assumed to be the same as the 
conventional dealer markup. Hence, the direct sale distribution channel would have the same 
overall markup as the usual distribution channel through dealers. 

6.6 SALES TAX 

The sales tax represents state and local sales taxes that are applied to the purchase price. 
The sales tax is a multiplicative factor that increases the purchase price. DOE derived state and 
local taxes from data provided by the Sales Tax Clearinghouse.6 DOE assigned state-level 
average tax values for each household used in the life-cycle cost analysis, as shown in Table 
6.6.1.  
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Table 6.6.1 Average Sales Tax Rates by State 

State 

Average State 
and Local Tax 

Rate 
% 

State 

Average State 
and Local Tax 

Rate 
% 

State 

Average State 
and Local Tax 

Rate 
% 

Alabama 8.65 Kentucky 6.00 North Dakota 6.25 
Alaska 1.30 Louisiana 9.40 Ohio 7.20 
Arizona 7.30 Maine 5.50 Oklahoma 8.55 
Arkansas 9.15 Maryland 6.00 Oregon -- 
California 8.65 Massachusetts 6.25 Pennsylvania 6.35 
Colorado 6.35 Michigan 6.00 Rhode Island 7.00 
Connecticut 6.35 Minnesota 7.45 South Carolina 7.45 
Delaware -- Mississippi 7.05 South Dakota 6.00 
Dist. of Columbia 6.00 Missouri 7.00 Tennessee 9.50 
Florida 7.10 Montana -- Texas 7.95 
Georgia 7.35 Nebraska 6.10 Utah 7.15 
Hawaii 4.00 Nevada 8.25 Vermont 6.10 

Idaho 6.00 
New 
Hampshire -- Virginia 5.75 

Illinois 8.60 New Jersey 6.60 Washington 9.25 
Indiana 7.00 New Mexico 7.05 West Virginia 6.15 
Iowa 6.95 New York 8.45 Wisconsin 5.45 
Kansas 8.40 North Carolina 7.00 Wyoming 5.35 

6.7 OVERALL MARKUPS  

The overall markup for each distribution channel includes the appropriate markups, sales 
tax, and overhead. DOE used the baseline markup to estimate the purchase price of baseline 
models, given the manufacturer cost of the baseline models. The following equations show how 
DOE determined the purchase price for baseline models depending on their product type and 
distribution channel. 

• Standard, Hugger, and VSD Ceiling Fans (independent label) 
 

𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻/𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜/𝑊𝑊𝐻𝐻𝑊𝑊𝑊𝑊𝑊𝑊∗𝐻𝐻𝑊𝑊𝐶𝐶𝐶𝐶 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
 

• Standard, Hugger, and VSD Ceiling Fans (in-store label) 
 

𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻 𝑖𝑖𝑖𝑖−𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑙𝑙 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
 

• Large-Diameter Ceiling Fans 
 

𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵_𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐷𝐷 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
 

Where: 
PPBASE = purchase price for baseline models, 
COSTMFG = manufacturer cost for baseline models, 
MUMFG = manufacturer markup, 
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MUBASE_HIC/Showroom/WHOLE*CONT = baseline markup for home improvement center, 
showroom or wholesaler with contractor, 

MUBASE_ HIC in-store label = baseline markup for in-store label ceiling fans sold through home 
improvement centers, 

MUBASE_ Dealer = baseline markup for dealer, and 
Taxsales = sales tax  

 
Similarly, DOE used the incremental markup to estimate changes in the purchase price, 

given changes in the manufacturer cost from the baseline model cost resulting from an energy 
conservation standard to raise product energy efficiency. The total purchase price for more 
energy-efficient models is composed of two components: the purchase price of the baseline 
model and the change in purchase price associated with the increase in manufacturer cost to meet 
the new energy conservation standard. The following equation shows how DOE used the 
incremental markup to determine the purchase price for more energy-efficient models (i.e., 
models meeting new energy conservation standards).  

• Standard, Hugger, and VSD Ceiling Fans (independent label)  
 
𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝑆𝑆𝐵𝐵 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝐻𝐻𝐻𝐻𝐻𝐻/𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜/𝑊𝑊𝐻𝐻𝑊𝑊𝑊𝑊𝑊𝑊∗𝐻𝐻𝑊𝑊𝑁𝑁𝑁𝑁 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 
• Standard, Hugger, and VSD Ceiling Fans (in-store label) 

 
𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝑆𝑆𝐵𝐵 + ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝐻𝐻𝐻𝐻𝐻𝐻 𝑖𝑖𝑖𝑖−𝑠𝑠𝑠𝑠𝑜𝑜𝑜𝑜𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑠𝑠𝑙𝑙 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
 

• Large-Diameter Ceiling Fans  
𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝑆𝑆𝐵𝐵 + (∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 × 𝑀𝑀𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅_𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐷𝐷 × 𝐶𝐶𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) 

 
Where: 

PPSTD = purchase price for models meeting new energy conservation standards, 
PPBASE = purchase price for baseline models,  
ΔCOSTMFG = change in manufacturer cost for more energy-efficient models, 
MUMFG = manufacturer markup, 
MUINCR_ HIC/Showroom/WHOLE*CONT = incremental markup for home improvement center, 

showroom or wholesaler with contractor, 
MUINCR_ HIC in-store label = incremental markup for in-store label ceiling fans sold through 

home improvement centers, 
MUINCR_Dealer = incremental dealer markup, and 
TaxSALES = sales tax  

 
National average baseline and incremental markups for each market participant are 

summarized in Table 6.7.1 and Table 6.7.2 for ceiling fans.  
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Table 6.7.1 Markups for Standard, Hugger, and VSD Ceiling Fans 

Distribution 
Channel 

Manufacturer  Home 
Center (independent 
label)  Consumer 

Manufacturer/Home 
Center (in-store label)  

Consumer 
Baseline Incremental Baseline Incremental 

Manufacturer 1.37 
1.65 1.31 

Home Center 1.50 1.19 
Wholesaler     
Contractor     
Showroom     
Sales Tax 1.073 1.073 

Distribution 
Channel 

Manufacturer  
Wholesaler  Contractor 

 Consumer 

Manufacturer  
Showroom  Consumer 

Baseline Incremental  Baseline Incremental  
Manufacturer 1.37 1.37 
Home Center     
Wholesaler 1.35 1.20   
Contractor 1.10 1.10   
Showroom   2.00 1.59 
Sales Tax 1.073 1.073 

 
Table 6.7.2  Markups for Large-Diameter Ceiling Fans 

Distribution 
Channel 

Manufacturer  Dealer  
Customer 

Manufacturer  In-house 
Dealer Customer 

Baseline Incremental Baseline Incremental 
Manufacturer 1.37 1.37 
Dealer/ In-house 
Dealer 1.63 1.17 1.63 1.17 

Sales Tax 1.073 1.073 1.073 1.073 
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CHAPTER 7. ENERGY USE ANALYSIS 

7.1 INTRODUCTION 

 To carry out the life-cycle cost (LCC) and payback period (PBP) analyses described in 

chapter 8 of this TSD, DOE must determine the energy savings that consumers will experience 

from more-efficient products. This chapter describes how DOE determined the annual energy 

consumption of ceiling fans at various efficiency levels. 

 

 The goal of the energy use analysis is to generate a range of energy use values that 

reflects actual use by purchasers in the U.S. DOE estimated annual field energy use for ceiling 

fans by combining the power consumption estimated in the engineering analysis with estimates 

of the distribution of annual operating hours for ceiling fans. The engineering analysis described 

in chapter 5 of this TSD reports power consumption based on the DOE test procedure. The test 

procedure produces standardized results that serve as the basis for comparing the performance of 

appliances under uniform conditions. Actual energy usage in the field often differs from that 

estimated by the test procedure because of variation in operating conditions, the behavior of 

users, and other factors. 

 

 DOE estimated total operating hours for standard, hugger and very small-diameter (VSD) 

ceiling fans by using data from a study that surveyed ceiling fan owners. Since the vast majority 

of these ceiling fans operate at three speeds, DOE considered energy consumption and hours of 

operation at three speeds in the energy use analysis. A combination of survey results informed 

the proportion of hours operated at each speed. DOE estimated operating hours and the 

proportion of hours operated at each speed for large-diameter ceiling fans in accordance with the 

assumptions in the January 2017 ceiling fans final rule analysis.1 

 

 In recognition of the fact that each ceiling fan installation is unique, variability and 

uncertainty are included in the analysis by calculating the energy use for a representative sample 

of ceiling fan purchases. This method of analysis, referred to as a Monte Carlo method, is 

explained in more detail in chapter 8 of this TSD. Results of the energy use analysis for each 

representative fan were derived from a sample of 10,000 purchases. DOE then used the range of 

energy use results in the LCC and PBP analyses and the average of the energy use results in the 

NIA analysis.  

 

 For this preliminary analysis, when DOE estimated the energy use of a particular hugger 

fan efficiency level, DOE assumed that the energy use was not affected by potential standards on 

the standard product class (and vice-versa). This assumption is supported by the fact that 

corresponding efficiency levels established by the engineering analysis for standard and hugger 

ceiling fans were designed to be equivalent for a multi-mount ceiling fan in the standard and 

hugger configurations, respectively.  

  



7-2 

7.2 ENERGY USE CALCULATION 

 For each fan analyzed in the sample, DOE calculated the annual energy use by combining 

power consumption with operating and standby hours, using the following equation: 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑒 = (∑ 𝑊𝑖 × 𝑂𝐻𝑖  
𝑖

)  +  𝑊𝑆𝑏 × 𝑂𝐻𝑆𝑏 

Eq. 7.1 

where: 

 

Wi =  power consumption at a given speed,  

OHi =  annual operating hours at a given speed, 

WSb =  power consumption in standby mode, and 

OHSb =  operating hours in standby mode. 

7.3 INPUTS FOR STANDARD, HUGGER, AND VERY SMALL-DIAMETER 

CEILING FANS 

7.3.1 Sample of Purchasers 

 DOE has included only residential applications in the energy use analysis of standard, 

hugger, and VSD ceiling fans. Although some standard, hugger, and VSD fans are used in 

commercial or industrial settings, DOE believes that they represent a very small portion of the 

total market for such ceiling fans. DOE also believes that many commercial applications for 

standard, hugger, and VSD ceiling fans, such as hotel rooms, would have hours of operation that 

are similar to the hours of operation in residential applications. As a result, DOE has focused on 

the energy use of standard, hugger, and VSD fans in residential settings.  

 

 DOE used the Energy Information Administration (EIA) 2015 Residential Energy 

Consumption Survey (RECS)2 to choose a random sample of households in which new ceiling 

fans could be installed. RECS is a national survey of housing units that collects statistical 

information on the consumption of, and expenditures for, energy in housing units, along with 

data on energy-related characteristics of the housing units and occupants. RECS collected data 

on 5,686 housing units, and was constructed by EIA to be a national representation of the 

household population in the United States. 

 

 In creating the sample of RECS households, DOE used the subset of RECS records that 

met the criterion that the household had at least one ceiling fan. DOE chose a sample of 10,000 

households from RECS to estimate annual energy use for standard, hugger, and VSD ceiling 

fans. Because RECS provides no means of determining the type of ceiling fan in a given 

household, DOE used the same sample for all three product classes.  

7.3.2 Operating Hours at Each Speed and Standby 

 Although RECS contains information on operation for many appliances, it contains little 

information on the operation of ceiling fans within each household. RECS reports only the 
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number of ceiling fans in the household, as well as an engineering-based estimate of annual 

energy use of ceiling fans in the household.  

 

 DOE drew data from two different sources in determining operating hours for standard, 

hugger, and VSD ceiling fans. DOE used data from a Lawrence Berkeley National Laboratory 

study (LBNL study3) that surveyed ceiling fan owners to estimate both the total annual operating 

hours and the fraction of time spent at each fan speed for each sampled RECS household. In that 

study, the authors asked a nationally representative sample of more than 2,500 ceiling fan users 

to report their ceiling fan operating hours for high, medium, and low speeds. The LBNL study 

reported a distribution of operating hours, with an average of 6.45 hours of operation per day. 

Survey respondents reported that fans were run an average of 41 percent of the time at high 

speed, 37 percent at medium speed, and 22 percent at low speed. DOE also used the results from 

an AcuPOLL survey4 to inform the estimated time spent at each fan speed. The AcuPOLL 

survey indicated that ceiling fans operate an average of 26 percent of the time at high speed, 39 

percent at medium speed, and 36 percent at low speed. 

 

 For this preliminary analysis, DOE used the simple average of the proportion of operating 

hours for high, medium, and low speeds reported in the LBNL and the AcuPOLL studies: 33% 

on high speed, 38% on medium speed, and 29% on low speed. Although some standard, hugger, 

and VSD fans have more or fewer than three speeds, the vast majority of models have three 

speeds. Therefore, DOE believes that three speeds are representative of the range of speed 

settings for standard, hugger, and VSD ceiling fans.  

 

 DOE is aware that ceiling fan operating hours vary depending on the geographic location 

within the U.S. For example, respondents in the LBNL study indicated that ceiling fans are 

operated more often in the southern states, and less frequently on the Pacific coast. DOE 

incorporated this geographic variation when estimating the annual operating hours for each 

sampled RECS household. For each household, DOE randomly sampled a value from the 

distribution of operating hours from the LBNL study for households in the same census division. 

Figure 7.3.1 shows the range of operating hours used for households from each census division 

and subdivision. Black circles in the figure indicate the mean values. Boxes indicate the 25th and 

75th percentiles, and the error bars indicate the 5th and 95th percentiles. 
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Figure 7.3.1 Distribution of Operating Hours for each Census Division and Subdivision  

 

 DOE also included hours of standby mode operation in the energy use analysis. For this 

analysis, DOE considered standby mode to result from the use of a remote control or a DC 

motor. Additionally, DOE did not assign remote controls to any ceiling fans at efficiency level 

(EL) 0, under the assumption that consumers purchasing the lowest-cost baseline ceiling fans 

would typically not opt to purchase a remote control at additional cost. DOE assigned remote 

controls to 15 percent of standard and hugger ceiling fan purchases at ELs 1 and 2, based on 

manufacturer feedback that approximately 15 percent of ceiling fans in these product classes are 

sold with remote controls. DOE assigned 100 percent of standard and hugger fans at ELs 3 and 4 

and VSD fans at EL 1, which are all DC fans, to have standby power. This assignment is 

consistent with and based on the engineering analysis. For fans with standby power 

consumption, DOE calculated the number of standby hours as the total hours in a year that are 

not spent in high, medium, or low speed. In other words, DOE assumed that fans with standby 

power consumption did not spend any time in off mode. 

7.3.3 Power Consumption at Each Speed and Standby 

 In the engineering analysis, DOE determined the power consumption at high, medium, 

and low speed for each representative fan in the standard, hugger, and VSD ceiling fan product 

classes. These values are shown in chapter 5 of this TSD. DOE used 0.7 watts as the power 

consumption value for standby, which is a value obtained from manufacturer feedback and 

DOE’s review of the market (see chapter 5 of this TSD).  
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7.4 INPUTS FOR LOW-AIRFLOW AND HIGH-AIRFLOW LARGE DIAMETER 

CEILING FANS 

7.4.1 Sample of Purchasers 

 DOE has included only commercial and industrial applications in the energy use analysis 

of large-diameter ceiling fans. Although some large-diameter fans are used in residential 

applications, DOE believes that they represent a very small portion of the total market for large-

diameter ceiling fans. As a result, DOE has focused on the energy use of large-diameter fans in 

commercial and industrial applications. DOE assumed, based on manufacturer feedback, that all 

low-airflow large-diameter ceiling fans are used in the commercial sector, while all high-airflow 

large-diameter ceiling fans are used in the industrial sector. Similar to standard, hugger, and 

VSD ceiling fans, DOE created a sample of 10,000 low- and high-airflow large-diameter ceiling 

fan purchases to represent the range of large-diameter ceiling fan energy use.  

7.4.2 Operating Hours at Each Speed 

 DOE has used 12 hours of active mode operation per day as a representative value for all 

large-diameter ceiling fans in this preliminary analysis. To represent a range of possible 

operating hours around this representative value, DOE drew 10,000 samples from a uniform 

distribution between 6 hours per day and 18 hours per day. (DOE assumed a uniform distribution 

of operating hours due to the limited availability of information.)  

 

 In the 2016 ceiling fans test procedure final rule, the efficiency metric is calculated 

assuming that the performance at each of the five tested speeds is weighted equally, as there are 

not available data to suggest a different distribution of time spent at each speed.5 For this 

preliminary analysis, DOE assumed an equal amount of time would be spent at each speed, in 

alignment with the approach in the 2016 ceiling fans test procedure final rule.  

 

 DOE included hours of standby operation in the energy use analysis for large-diameter 

ceiling fans. DOE considered all large-diameter fans to have standby power, regardless of motor 

type. Similar to the approach taken for standard, hugger, and VSD ceiling fans, DOE calculated 

the number of standby hours as the total annual hours not spent in active mode. 

7.4.3 Power Consumption during Operation and Standby 

 Power consumption in active mode was developed in the engineering analysis for each 

representative large-diameter ceiling fan based on the weighted average of power consumption at 

the five tested speeds. See chapter 5 of this TSD for more detail. Testing conducted in support of 

the engineering analysis revealed that large-diameter ceiling fans typically consume 7 watts of 

power while in standby mode; therefore, DOE assumed all large-diameter ceiling fans consume 7 

watts of power while in standby mode. 

7.5 ANNUAL ENERGY CONSUMPTION BY EFFICIENCY LEVEL 

 Table 7.5.1 to Table 7.5.5 contain the average annual energy consumption estimated for 

ceiling fans at the efficiency levels considered in the LCC, PBP, and national impact analyses. 
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These tables also show the average annual energy savings, relative to the energy consumption of 

the baseline efficiency level.  

 

Table 7.5.1 Average Annual Energy Use and Savings for Standard Ceiling Fans 

EL 

44-inch diameter  52-inch diameter 60-inch diameter 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

0 91.3 - 110.1 - 129.5 - 

1 82.2 9.1 99.1 11.0 116.6 12.9 

2 73.1 18.2 88.1 22.0 103.6 25.9 

3 42.0 49.3 52.2 57.9 57.7 71.8 

4 42.0 49.3 52.2 57.9 57.7 71.8 

 

Table 7.5.2 Average Annual Energy Use and Savings for Hugger Ceiling Fans 

EL 

44-inch diameter  52-inch diameter 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

0 101.3 - 129.9 - 

1 91.2 10.1 116.9 13.0 

2 81.1 20.2 103.9 26.0 

3 41.8 59.5 53.5 76.4 

4 41.8 59.5 53.5 76.4 

 

Table 7.5.3 Average Annual Energy Use and Savings for Very Small-Diameter Ceiling 

Fans 

EL 

13-inch diameter  16-inch diameter 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

0 108.2 - 81.8 - 

1 59.4 48.8 52.1 29.7 

 

 

 



7-7 

Table 7.5.4 Average Annual Energy Use and Savings for High-Airflow Large-Diameter 

Ceiling Fans 

EL 

8-foot diameter 12-foot diameter 20-foot diameter 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

0 1,523.1 - 2,807.1 - 3,630.2 - 

1 1,302.8 220.3 2,369.0 438.1 3,055.9 574.3 

2 1,138.6 384.5 2,079.3 727.8 2,683.9 946.3 

 

Table 7.5.5 Average Annual Energy Use and Savings for Low-Airflow Large-Diameter 

Ceiling Fans 

EL 

8-foot diameter 12-foot diameter 20-foot diameter 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

Energy Use 

(kWh/yr) 

Savings 

(kWh/yr) 

0 940.4 - 1,509.9 - 1,954.9 - 

1 758.0 182.4 1,213.5 296.4 1,569.3 385.6 

2 696.5 243.9 1,110.1 399.8 1,434.1 520.8 

7.6 IMPACT ON AIR CONDITIONING OR HEATING EQUIPMENT USE 

 DOE acknowledges that ceiling fans have the theoretical potential to be an inexpensive 

and effective replacement for air conditioning use, although there is not clear evidence that 

ceiling fans are used in this manner in practice. Moreover, the interaction between ceiling fan use 

and air conditioning use is unlikely to be different in the case of amended standards than it would 

be in the no-new-standards case. The shipments analysis projects a modest change of shipments 

for standard, hugger, and VSD fans at the adopted standard level, and it is unclear what would 

motivate consumers to change their air conditioner’s set point or otherwise change their air-

conditioning behavior if they own a ceiling fan regardless of whether there is an amended energy 

conservation standard. Therefore, DOE did not account for such interaction in this preliminary 

analysis.   
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CHAPTER 8. LIFE-CYCLE COST AND PAYBACK PERIOD ANALYSIS 

8.1 INTRODUCTION 

 This chapter describes the U.S. Department of Energy’s (DOE’s) method for analyzing 

the economic impacts on individual consumers from potential energy efficiency standards for 

ceiling fans.a The effects of standards on individual consumers include a change in purchase 

price (usually an increase) and a change in operating costs (usually a decrease). This chapter 

describes three metrics DOE used to determine the impact of standards on individual consumers:  

 

• Life-cycle cost (LCC) is the total consumer expense during the lifetime of an 

appliance (or other equipment), including purchase expense and operating costs 

(including energy expenditures). DOE discounts future operating costs to the year of 

purchase and sums them over the lifetime of the product. 

 

• Payback period (PBP) measures the amount of time it takes a consumer to recover 

the higher purchase price of a more energy efficient product through lower operating 

costs. DOE calculates a simple payback period which does not discount operating 

costs. 

 

• Rebuttable payback period is a special case of the PBP. Whereas LCC is estimated 

for a range of inputs that reflect real-world conditions, rebuttable payback period is 

based on laboratory conditions as specified in the DOE test procedure. 

 

 Inputs to the LCC and PBP calculations are described in sections 8.2, 8.3 and 8.4. Results 

of the LCC and PBP analysis are presented in section 8.6.  

 

 The calculations discussed herein are illustrated with a Microsoft Excel® spreadsheet that 

is accessible at https://www.regulations.gov/docket/EERE-2021-BT-STD-0011. Details and 

instructions for using the spreadsheet are provided in appendix 8A of this technical support 

document (TSD).  

8.1.1 General Analysis Approach  

 Life-cycle cost is calculated using the following equation:  

 

 
a For commercial and industrial equipment, the consumer is the business or other entity that pays for the equipment 

(directly or indirectly) and its energy costs. 
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𝐿𝐶𝐶 = 𝑇𝐼𝐶 + ∑
𝑂𝐶𝑡

(1 + 𝑟)𝑡

𝑁−1

𝑡=0

 

Eq. 8.1 

where: 

 

LCC = life-cycle cost (in dollars), 

TIC = total installed cost in dollars, 

∑ = sum over the appliance lifetime, from year 1 to year N, 

N =  lifetime of the appliance in years, 

OC = operating cost in dollars,  

r =  discount rate, and 

t =  year to which operating cost is discounted. 

 

 The payback period is the ratio of the increase in total installed cost (i.e., from a less 

energy efficient design to a more efficient design) to the decrease in annual operating 

expenditures. This type of calculation results in what is termed a simple payback period, because 

it does not take into account changes in energy expenses over time or the time value of money. 

That is, the calculation is done at an effective discount rate of zero percent. The equation for PBP 

is: 

𝑃𝐵𝑃 =
𝛥𝑇𝐼𝐶

𝛥𝑂𝐶
 

Eq. 8.2 

where: 

 

ΔTIC = difference in total installed cost between a more energy efficient design and the 

baseline design, and  

ΔOC = difference in annual operating expenses.  

 

 Payback periods are expressed in years. Payback periods greater than the life of the 

product indicate that the increased total installed cost is not recovered through reduced operating 

expenses. 

 

 Recognizing that inputs to the determination of consumer LCC and PBP may be either 

variable or uncertain, DOE conducts the LCC and PBP analysis by modeling both the 

uncertainty and variability of the inputs using Monte Carlo simulation and probability 

distributions for inputs. Appendix 8B provides a detailed explanation of Monte Carlo simulation 

and the use of probability distributions and discusses the tool used to incorporate these methods.  

 

 DOE calculates impacts relative to a case without amended or new energy conservation 

standards (referred to as the “no-new-standards case”). In the no-new-standards case, some 

consumers may purchase products with energy efficiency higher than a baseline model. For any 

given standard level under consideration, consumers expected to purchase a product with 

efficiency equal to or greater than the considered level in the no-new-standards case would be 

unaffected by that standard. 
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 DOE calculates the LCC and PBP as if all consumers purchase the ceiling fan in the 

expected initial year of compliance with a new or amended standard. At this time, the expected 

compliance date of potential energy conservation standards for ceiling fans manufactured in, or 

imported into, the United States is 2027. Therefore, DOE conducted the LCC and PBP analysis 

assuming purchases take place in 2027.    

8.1.2 Overview of Analysis Inputs  

 The LCC analysis uses inputs for establishing (1) the purchase expense, otherwise known 

as the total installed cost, and (2) the operating costs over the product lifetime.  

 

 The primary inputs for establishing the total installed cost are: 

 

• Baseline manufacturer cost: The costs incurred by the manufacturer to produce 

products that meet current minimum efficiency standards, or another efficiency level 

designated as the baseline for analysis.  

 

• Standard-level manufacturer cost: The manufacturer cost (or cost increase) associated 

with producing products that meet particular efficiency levels above the baseline. 

 

• Markups and sales tax: The markups and sales tax associated with converting the 

manufacturer cost to a consumer product cost.  

 

• Installation cost: All costs required to install the product, including labor, overhead, 

and any miscellaneous materials and parts.  

  
The primary inputs for calculating the operating cost are: 

  
• Product energy consumption: The product energy consumption is the site energy use 

associated with operating the product.  

 

• Energy prices: The prices consumers pay for energy (e.g., electricity or natural gas). 

 

• Energy price trends: The annual rates of change projected for energy prices during 

the study period. 

 

• Repair costs and maintenance costs: Repair costs are associated with repairing or 

replacing components that fail. Maintenance costs are associated with maintaining the 

operation of the product. 

 

• Lifetime: The age at which the product is retired from service.  

 

• Discount rates: The rates at which DOE discounts future expenditures to establish 

their present value.  
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 The inputs for calculating the PBP are the total installed cost and the first-year operating 

costs. The inputs to operating costs are the first-year energy cost. The PBP uses the same inputs 

as the LCC analysis, except the PBP does not require energy price trends or discount rates.  

  

  

Figure 8.1.1 depicts the relationships among the inputs to installed cost and operating cost for 

calculating a product’s LCC and PBP. In the figure, the tan boxes indicate inputs, the green 

boxes indicate intermediate outputs, and the blue boxes indicate final outputs. 

 

 
 

Figure 8.1.1  Flow Diagram of Inputs for the Determination of LCC and PBP 

 

 Table 8.1.1 provides a summary of inputs, with a greater degree of detail, used in the 

analysis.  
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Table 8.1.1 Summary of Inputs to Life-Cycle Cost and Payback Period 
Inputs Average or Typical Value Characterization 

Total Installed Cost Inputs 

Product Price 
Varies by distribution channel, 

efficiency level, and product class  
Single-point value 

Sales Tax 7.3% Varies by region 

Operating Cost Inputs 

Power Rating 
Varies by efficiency level and product 

class 
Single-point value 

Operating Hours 

Standard, hugger, and VSD ceiling 

fans: 6.45 hrs/day (average) 

Large-diameter ceiling fans: 12.0 

hrs/day (average) 

Distribution (see chapter 7 of this 

TSD for details) 

Electricity Prices 

Residential sector: 0.14 $/kWh 

Commercial sector: 0.11 $/kWh 

Industrial sector: 0.09 $/kWh 

Vary by region for each sector 

Electricity Price 

Trends 
AEO 2021 reference case Vary by region for each sector  

Product Lifetime 
Mean: 13.8 years 

Median: 13.0 years  
Weibull distribution 

Discount Rate 

Residential sector: 4.2% 

Commercial sector: 6.7%  

Industrial sector: 7.1% 

Residential: Vary by household 

income  

Commercial/Industrial: Distribution 

Assumed Date 

Standards Become 

Effective 

2027 Single-point value 

8.1.3 Sample of Ceiling Fan Users 

 The LCC and PBP calculations detailed here are for a representative sample of individual 

ceiling fan users. By developing consumer samples, DOE accounts for the variability in energy 

consumption and energy price associated with a range of consumers. 

 

 As described in chapter 7 of this TSD, DOE used the DOE Energy Information 

Administration (EIA)’s 2015 Residential Energy Consumption Survey (RECS 2015) to develop 

household samples for ceiling fans based on households that use ceiling fans.1 RECS 2015 

consists of 5,686 housing units and is representative of the household population of the United 

States. DOE assigned a unique annual energy use and energy price to each household in the 

sample. The large sample of households considered in the analysis provides wide ranges of 

annual energy use and energy prices.  

 

 EIA’s 2012 Commercial Buildings Energy Consumption Survey (CBECS 2012) does not 

provide information on ceiling fan use in commercial buildings. Therefore, for large-diameter 

high-airflow and large-diameter low-airflow ceiling fans, DOE generated consumer samples 

using the regional distribution of ceiling fans reported in RECS 2015. 
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8.2 TOTAL INSTALLED COST INPUTS 

 DOE uses the following equation to define the total installed cost. 

 

𝑇𝐼𝐶 = 𝐶𝑃𝐶 + 𝐼𝐶 

Eq. 8.3 

where: 

 

TIC = total installed cost,   

CPC = consumer purchase cost, and  

IC = installation cost. 

 

 The consumer purchase cost is equal to the manufacturer cost multiplied by markups, and 

where applicable, sales tax. The cost varies based on the distribution channel through which the 

consumer purchases the product. The installation cost represents all costs to the consumer for 

installing the product, including labor, overhead, and any miscellaneous materials and parts. The 

installation cost may vary by efficiency level. 

 

 The rest of this section provides information about each of the inputs that DOE used to 

calculate the total installed cost of ceiling fans. 

8.2.1  Manufacturer Costs  

 DOE developed manufacturer production costs at each efficiency level for all the product 

classes for ceiling fans as described in chapter 5 of this TSD. 

8.2.2 Overall Markup  

 For a given distribution channel, the overall markup is the value determined by 

multiplying all the associated markups and the applicable sales tax together to arrive at a single 

overall distribution chain markup value. Because there are baseline and incremental markups 

associated with the various market participants, the overall markup is also divided into a baseline 

markup (i.e., a markup used to convert the baseline manufacturer price into a consumer price) 

and an incremental markup (i.e., a markup used to convert a standard-compliant manufacturer 

cost increase due to an efficiency increase into an incremental consumer price). Refer to chapter 

6 of this TSD for details.  

8.2.3 Application of Learning Rate for Ceiling Fan Prices 

Examination of historical price data for certain appliances and equipment that have been 

subject to energy conservation standards indicates that an assumption of constant real prices 

may, in many cases, overestimate long-term trends in appliance and equipment prices. Economic 

literature and historical data suggest that the real costs of these products may, in fact, trend 
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downward over time according to “learning” or “experience” curves. Desroches et al. (2013) 

summarizes the data and literature that is relevant to price projections for selected appliances and 

equipment.2 The extensive literature on the “learning” or “experience” curve phenomenon is 

typically based on observations in the manufacturing sector.  

 

 In light of these data and DOE’s aim to improve the accuracy and robustness of its 

analyses, DOE decided to assess future costs by incorporating learning over time. There is an 

extensive body of literature that discusses the learning or experience curve phenomenon, 

typically from observations in the manufacturing sector. Based on the experience curve 

approach, the real cost of production is related to the cumulative production, or experience, with 

a product. Typically, DOE uses the shipments data to estimate cumulative shipments, as 

equivalent to cumulative production of the product. However, there are insufficient shipment 

data to make a robust experience curve estimation of the relationship between cumulative 

shipments and the cost of production for ceiling fans. Therefore, DOE projected the future price 

trend of ceiling fans based on the appropriate Producer Price Index (PPI) series fit with an 

exponential function, with year as the explanatory variable. The PPI is a measure of the average 

change in price that US producers receive for their good. In this case, the functional form looks 

like the following: 

𝑌 = 𝑎 ∙ 𝑒𝑏𝑋  
 

Eq. 8.4 

where: 

 

a = an initial price (or cost), and  

b =  slope parameter of the time variable, and 

X =  time variable, and  

Y =  appropriate price index 

 

  

 DOE adopted a component-based approach to develop a price trend for ceiling fans by 

identifying fan components most likely to undergo a price decrease over the forecast period. 

Using this approach, the price trend only applies to the cost of the component and not to the total 

cost of the ceiling fan. DOE determined that ceiling fan motors are the most likely component to 

undergo price decreases over time and analyzed long-term trends in the appropriate PPI series 

from the Bureau of Labor Statistics for alternating current (AC) induction motors and brushless 

direct current (DC) motors. These PPI data reflect nominal prices, adjusted for product quality 

changes. An inflation-adjusted (deflated) price index was calculated by dividing the PPI series by 

the Gross Domestic Product Chained Price Index for each product.  

 

 Based on analysis of historical PPI for “Fractional horsepower motors (rated at less than 

746 watts)” performed by DOE for the January 2017 Final Rule, DOE assumed no price trends 

with AC motor ceiling fans for its price projections.  

 

 DOE did not find any historical data specifically for brushless DC motors. For its 

analysis, DOE assumed that it is the circuitry and electronic controls associated with brushless 
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DC motors that would be most potentially affected by price trends driven by the larger 

electronics industry as a whole, based on information provided by a ceiling fan technical expert. 

DOE obtained PPI data on “Semiconductors and related device mfg” between 1967 and 2020 to 

estimate the historic price trend in electronic components.b The PPI timeseries was adjusted for 

inflation by dividing the PPI series by the implicit Gross Domestic Product price deflator in each 

year. The deflated PPI values and their fit can be observed in Figure 8.2.1. 

 

 The regression performed as an exponential trend line fit results in an R-square of 0.989, 

with an annual price decline rate of almost 7 percent. DOE notes that this price decline rate only 

applies to the electronics included in the motor and not the total price of the motor. DOE 

assumed the cost difference between the EL corresponding to a brushless DC motor and the EL 

below a brushless DC motor as the estimate for the price affected by a price trend. The final 

estimated exponential function is: 

 

𝑌 =  35.2𝑒−.065𝑋 

Eq. 8.5 

  

 DOE derived an index for the electronics and controls for brushless DC motors, with 

2020 equal to 1, to forecast prices. In 2027, the first full year of compliance for amended 

standards (and the first year of the analysis period used in the LCC and PBP analysis), the index 

has a value of 0.634. DOE applied the decline rate to the incremental cost of ceiling fans with a 

brushless DC motor over the most efficient AC alternative for each product class at each blade 

span. 

 

 
Figure 8.2.1 Exponential fit to deflated “Semiconductor and related device mfg” PPI from 

1967 to 2020 

 
b PCU334413334413 
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8.2.4 Remote Controls 

 The cost of a remote control was included in the price of all standard, hugger, and VSD 

ceiling fans with DC motors from the engineering analysis. The cost of a remote control, 

however, was not included in the price of ceiling fans with AC motors. According to 

manufacturer feedback, approximately 15 percent of non-baseline standard, hugger, and VSD 

ceiling fans with AC motors are sold with remote controls. Moreover, manufacturer feedback 

and product teardowns conducted in support of the engineering analysis indicate that the 

manufacturer selling price of a remote control is approximately $33.25. 

 

To ensure that the total installed cost of ceiling fans with AC motors reflected the 

existence of remote controls, DOE added the cost of a remote control to the purchase price of 15 

percent of non-baseline standard, hugger, and VSD ceiling fans with AC motors. DOE estimated 

the retail price of a remote control as $33.25 plus tax. As such, DOE added the cost of a remote 

to 15 percent of purchases of standard and hugger ceiling fans at ELs 1 and 2, because these 

efficiency levels correspond to AC motors.c  

8.2.5 Installation Cost 

 The installation cost covers all labor and material costs associated with installing a 

ceiling fan in the place of use. DOE has no data to suggest that installation costs vary by 

efficiency level for ceiling fans. Therefore, DOE has not included installation costs in this 

analysis. 

8.2.6 Total Installed Cost  

 The total installed cost is the sum of the consumer product cost and installation cost. The 

average total installed costs for each ceiling fan product class at each efficiency level considered 

are shown in the tables in section 8.6.  

 

8.3 OPERATING COST INPUTS  

 DOE defines operating cost (OC) using the following equation: 

 

 
c Note that the only EL with an AC motor for VSD ceiling fans is EL 0, and DOE assumed that no baseline ceiling 

fans were sold with remote controls. 
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𝑂𝐶 = 𝐸𝐶 + 𝑅𝐶 + 𝑀𝐶  

Eq. 8.6 

where: 

 

EC =  energy cost associated with operating the product,  

RC =  repair cost associated with component failure, and 

MC =  maintenance cost.  

 

 DOE defines the energy cost using the following equation: 

 

𝐸𝐶(𝑡) = 𝐴𝐸𝐶(𝑡) × 𝐸𝑝𝑟𝑖𝑐𝑒(𝑡)  

Eq. 8.7 

where: 

 

AEC(t) =  annual energy consumption at the site in year t, and 

Eprice(t) =  energy price in year t. 

 

 The annual energy costs of the equipment are computed from energy consumption per 

unit for the baseline and the considered efficiency levels, combined with the energy prices. 

Ceiling fan lifetime, discount rate, and compliance date of the standard are required for 

determining the operating cost and for establishing the present value of the operating cost. The 

remainder of this section provides information about the variables that DOE used to calculate the 

operating cost for ceiling fans. 

8.3.1 Annual Energy Consumption 

 For each product class, DOE calculated the annual energy use for each sample product 

user at each efficiency level, as described in chapter 7 of this TSD. Chapter 7 provides the 

average annual energy consumption by efficiency level and product class.  

8.3.2 Energy Prices 

8.3.2.1 Recent Energy Prices  

 Because marginal electricity price more accurately captures the incremental savings 

associated with a change in energy use from higher efficiency, it provides a better representation 

of incremental change in consumer costs than average electricity prices3. Therefore, DOE 

applied average electricity prices for the energy use of the product purchased in the no-new-

standards case, and marginal electricity prices for the incremental change in energy use 

associated with the other efficiency levels considered.  

DOE derived annual electricity prices in 2020 for each census division using data from 

Edison Electric Institute (EEI) Typical Bills and Average Rates reports. For the residential 
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sector, the EEI reports provide the total bill assuming household consumption levels of 500, 750 

and 1,000 kWh for the billing period for most of the major investor-owned utilities (IOUs) in the 

country. For the commercial and industrial sectors, the reports provide typical bills for several 

combinations of monthly electricity peak demand and total consumption. 

 For the residential sector, DOE used the EEI data to define a marginal price as the ratio of 

the change in the bill to the change in energy consumption.3 For the commercial sector, marginal 

prices depend on both the change in electricity consumption and the change in monthly peak-

coincident demand. DOE used the EEI data to estimate both marginal energy charges and 

marginal demand charges.4 For a given change in electricity consumption, the corresponding 

change in demand is defined through the marginal load factor (MLF). The MLF is equal to the 

ratio of the average hourly change in electricity use during the billing period to the change in 

electricity use in the hour of the building peak load. For on-off loads such as lighting, the MLF is 

equal to the ratio of the number of hours that the equipment is on divided by the total number of 

hours in the billing period. DOE assumed an MLF of 0.5 for ceiling fans. 

 

DOE calculated weighted-average values for average and marginal price for the nine 

census divisions for the residential, commercial, and industrial sectors. As the EEI data are 

published separately for summer and winter, DOE calculated seasonal prices for each division 

and sector. Each EEI utility in a region was assigned a weight based on the number of consumers 

it serves; hence, the utility weight for the residential, commercial, and industrial sectors may be 

slightly different. DOE adjusted these regional weighted-average prices to account for systematic 

differences between IOUs and publicly-owned utilities (POUs), as the latter are not included in 

the EEI data set. Finally, DOE aggregated the seasonal electricity prices together using a weight 

of 5/12 for summer prices and 7/12 for winter prices. 

Table 8.3.1 through Table 8.3.3 show the average and marginal prices for each 

geographic area by sector. DOE assigned average and marginal electricity prices to each 

purchaser in the LCC sample based on its location.  

 

Table 8.3.1  Residential Electricity Prices in 2020 

 
Geographic Area 

Average 

(2020$/kWh) 

Marginal 

(2020$/kWh) 

1 New England Census Division 0.229 0.215 

2 Middle Atlantic Census Division 0.178 0.162 

3 East North Central Census Division 0.138 0.127 

4 West North Central Census Division 0.126 0.109 

5 South Atlantic Census Division 0.117 0.103 

6 East South Central Census Division 0.124 0.100 

7 West South Central Census Division 0.103 0.088 

8 Mountain 0.119 0.117 

9 Pacific Census Division 0.227 0.270 
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Table 8.3.2  Commercial Electricity Prices in 2020 Assuming MLF=0.5 

 Geographic Area Average 

(2020$/kWh) 

Marginal 

(2020$/kWh) 

1 New England Census Division 0.166 0.168 

2 Middle Atlantic Census Division 0.119 0.115 

3 East North Central Census Division 0.098 0.099 

4 West North Central Census Division 0.099 0.104 

5 South Atlantic Census Division 0.100 0.103 

6 East South Central Census Division 0.120 0.124 

7 West South Central Census Division 0.087 0.083 

8 Mountain 0.101 0.104 

9 Pacific Census Division 0.153 0.157 

 

Table 8.3.3  Industrial Electricity Prices in 2020 Assuming MLF=0.5 

 
Geographic Area 

Average 

(2020$/kWh) 

Marginal 

(2020$/kWh) 

1 New England Census Division 0.148 0.145 

2 Middle Atlantic Census Division 0.057 0.049 

3 East North Central Census Division 0.082 0.082 

4 West North Central Census Division 0.090 0.091 

5 South Atlantic Census Division 0.089 0.087 

6 East South Central Census Division 0.074 0.074 

7 West South Central Census Division 0.068 0.070 

8 Mountain 0.085 0.077 

9 Pacific Census Division 0.115 0.106 

8.3.2.2 Future Energy Price Trends 

 To estimate electricity prices in future years, DOE multiplied the 2020 electricity prices 

by the forecast of annual average price changes for each of the nine census divisions from EIA’s 

Reference case in the Annual Energy Outlook 2021 (AEO 2021).5 The Reference case is a 

business-as-usual estimate, given known market, demographic, and technological trends. For 

each consumer sampled, DOE applied the projection for the census division in which the 

consumer was located. Figure 8.3.1 shows the projected national electricity price trends for the 

residential and commercial sectors as a fraction of the 2020 electricity price.  

 To estimate the electricity price after 2050, DOE assumed that all prices remain constant 

at their 2050 level.  
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Figure 8.3.1 National Electricity Price Trends Based on AEO 2021 Reference Case 

8.3.3 Repair Costs and Maintenance Costs 

 The repair cost is the cost to repair the product when a component fails. The maintenance 

cost is the cost of regular product maintenance.  

 

 For ceiling fans, DOE assumed that repair and maintenance costs do not vary by 

efficiency level. Therefore, DOE has not included such costs in this analysis. DOE notes that 

while this approach aligns with the maintenance cost assumption in the 2017 final rule, the repair 

cost assumption in this preliminary analysis deviates from that used in the 2017 final rule. In the 

2017 final rule DOE assumed an incremental repair rate (and associated repair cost) for ceiling 

fans with DC motors relative to ceiling fans with AC motors. However, manufacturer feedback 

and stakeholder comments on the 2021 early assessment request for information indicate that an 

incremental repair cost for ceiling fans with DC motors is no longer warranted.6 

8.3.4 Product Lifetime 

 The product lifetime is the age at which a product is retired from service. Because 

product lifetime varies, DOE uses a lifetime distribution to characterize the probability a product 

will be retired from service at a given age.  

 

 DOE estimated product lifetimes by fitting a survival probability function to data of 

historical shipments and the 2012 age distributions of installed stock (from the LBNL study). 

Shipment data were only available for standard and hugger ceiling fans. Due to limited data, 

DOE assumed the survival probability function of other ceiling fans was the same as that for 

standard and hugger ceiling fans. 
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 Data on the age distribution for currently installed standard and hugger ceiling fan stock 

was available from the LBNL study.7 By combining data from the LBNL study with a history of 

standard and hugger ceiling fan shipments, DOE estimated the percentage of ceiling fans of a 

given age still in operation.  

 

 DOE assumed that the probability function for the annual survival of ceiling fans would 

take the form of a Weibull distribution. A Weibull distribution is a probability distribution 

commonly used to measure failure rates.d Its form is similar to an exponential distribution, which 

models a fixed failure rate, except that a Weibull distribution allows for a failure rate that 

changes over time in a specific fashion. The cumulative Weibull distribution takes the form: 

 

𝑃(𝑥) =  𝑒−(
𝑥−𝜃

𝛼
)

𝛽

, 𝑓𝑜𝑟 𝑥 > 𝜃, and 

 

𝑃(𝑥) = 1 for 𝑥 ≤ 𝜃 

Eq. 8.8 

where: 

 

P(x) =  probability that the appliance is still in use at age x, 

x =  age of appliance in years, 

θ =  delay parameter, which allows for a delay before any failures occur, 

α =  scale parameter, which would be the decay length in an exponential distribution, 

and 

β =  shape parameter, which determines the way in which the failure rate changes 

through time. 

 

 When β = 1, the failure rate is constant over time, giving the distribution the form of a 

cumulative exponential distribution. In the case of appliances, β commonly is greater than 1, 

reflecting an increasing failure rate as appliances age.  

 

 DOE used the LBNL study7 as the source for the ceiling fan age distribution. The survey 

asked respondents to identify the age of the most-used ceiling fan in increments of two years. 

Households that did not know the age of their ceiling fan were allocated among the remaining 

age bins according to the distribution of respondents who did report ceiling fan age. 

 

 DOE used the ceiling fan age distribution, combined with shipments history, to develop 

the survival function for ceiling fans. For example, DOE summed the total shipments from 4 to 6 

years before the LBNL study, and then compared this number to the number of units still in use 

at the time of the LBNL study to approximate the percentage of surviving appliances within that 

age bin. DOE combined the data from all age bins in the LBNL study to build a fit to a Weibull 

distribution and find the parameters (𝛼, 𝛽, 𝜃) that best approximate the surviving units. DOE 

weighted each bin’s contribution to the sum of squares by the inverse of the variance estimated 

 
d For reference on the Weibull distribution, see sections 1.3.6.6.8 and 8.4.1.3 of the NIST/SEMATECH e-Handbook 

of Statistical Methods. www.itl.nist.gov/div898/handbook/.  

http://www.itl.nist.gov/div898/handbook
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for the LBNL study results, which controls for the changes in sample size between bins and 

through time. DOE added the simultaneous constraint that the shipments history multiplied by 

the survival function sum to the estimate of installed stock from 2009 RECS. The equation for 

the sum of squares that DOE minimized is: 

 

∑
(𝑆𝑢𝑟𝑣𝑒𝑦𝑖 − 𝑆𝑢𝑟𝑣𝑖𝑣𝑒𝑖)

2

𝜎𝑆𝑢𝑟𝑣𝑒𝑦𝑖

2

𝑖

+ 
(∑ 𝑆ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠(𝑗) ∗ 𝑃(𝑎𝑔𝑒𝑗)𝑗 − 𝑠𝑡𝑜𝑐𝑘𝑅𝐸𝐶𝑆)

2

𝜎𝑅𝐸𝐶𝑆
2  

Eq. 8.9 

where: 

 

𝑖 =  identifier for an age bin from the LBNL study, 

𝑆𝑢𝑟𝑣𝑒𝑦𝑖 =  number of appliances reported by the LBNL study in bin 𝑖, 
𝑆𝑢𝑟𝑣𝑖𝑣𝑒𝑖 =  the number of surviving appliances in bin 𝑖 predicted by the Weibull 

distribution applied to the number of appliances shipped (a function of 𝛼, 

𝛽, and 𝜃), 

𝜎𝑆𝑢𝑟𝑣𝑒𝑦𝑖
 =  the standard error of the LBNL study data point for bin 𝑖, 

𝑗 =  shipments year starting the beginning of historical time series and ending 

at 2009, 

𝑆ℎ𝑖𝑝𝑚𝑒𝑛𝑡𝑠(𝑗) =  shipments in year 𝑗, 

𝑎𝑔𝑒𝑗 =  shipments vintage relative to the year 2009,  

𝑃(𝑎𝑔𝑒𝑗) =  survival probability of an appliance at 𝑎𝑔𝑒𝑗, 

𝑠𝑡𝑜𝑐𝑘𝑅𝐸𝐶𝑆 =  estimate of installed stock at year 2009, and 

𝜎𝑅𝐸𝐶𝑆 =  the standard error for stock measurement from RECS. 

 

 The Weibull distribution, shown in Figure 8.3.2 is characterized by parameters 
(𝛼, 𝛽, 𝜃) = (10.93, 2.0, 4.14). This distribution has a mean ceiling fan lifetime of 13.8 years and 

a median lifetime of 13.0 years. This is in line with the estimate from Appliance Magazine’s 22nd 

Portrait of the U.S. Appliance Industry,8 as well as estimates received from a technical expert 

and feedback from manufacturers. 
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Figure 8.3.2 Weibull Probability Distribution for Ceiling Fan Lifetime 

 

 The method DOE used to calculate product lifetimes incorporates several assumptions: 

 

• Appliance lifetime can be modeled by a survival function. In particular, a Weibull 

distribution is an appropriate survival function. 

• The appliance survival function does not change form through time. 

• The survival function is independent of household factors (such as household size or 

geographic region) as well as product class. 

• Survey respondents neither systematically overestimated nor underestimated the current 

age of their appliance. 

• The historical shipment data are accurate. 

• The shipped appliances are installed predominantly in residences. 

• A Weibull shape parameter, 𝛽 ≥ 2. 

 

 Three of these assumptions reflect analytical choices made by DOE. The first is the 

assumption that a Weibull distribution is the appropriate distribution to use for observed rates of 

appliance retirement, which include other factors outside of failure rate (e.g., retirement due to 

reasons other than product failure). This distribution is the standard one used in lifetime analyses, 

but it is not guaranteed to reflect actual real-world experience. The second assumption is that 

purchaser behavior and mechanical appliance lifetime have not changed over time. The third 

assumption concerns the Weibull failure rate parameter. DOE constrained the shape parameter 

(β) to values larger than two in order to avoid potential nonsensical behavior, such as sharp 

changes in purchaser behavior or appliance survival immediately following the delay period (θ). 

8.3.5 Discount Rates 

The discount rate is the rate at which future energy cost savings and operations and 

maintenance expenditures are discounted to establish their present value. DOE estimated 

discount rates separately for residential, commercial, and industrial consumers. For residential 

consumers, DOE calculated discount rates as the weighted average real interest rate across 
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consumer debt and equity holdings. For commercial and industrial consumers, DOE calculated 

discount rates as the weighted average cost of capital.  

8.3.5.1 Residential 

The consumer discount rate is the rate at which future operating costs of residential 

products are discounted to establish their present value in the LCC analysis. The discount rate 

value is applied in the LCC to future year energy costs and non-energy operations and 

maintenance costs in order to calculate the estimated net life-cycle cost of products of various 

efficiency levels and the life-cycle cost savings of higher-efficiency models as compared to the 

baseline for a representative sample of consumers. 

 

DOE calculates the consumer discount rate using publicly available data (the Federal 

Reserve Board’s Survey of Consumer Finances (SCF)) to estimate a consumer’s required rate of 

return or opportunity cost of funds related to appliances.9 In the economics literature, opportunity 

cost reflects potential foregone benefit resulting from choosing one option over another. 

Opportunity cost of capital refers to the rate of return that one could earn by investing in an 

alternate project with similar risk; similarly, opportunity cost may be defined as the cost 

associated with opportunities that are foregone when resources are not put to their highest-value 

use.10 

 

DOE’s method views the purchase of a higher efficiency appliance as an investment that 

yields a stream of energy cost savings. The stream of savings is discounted at a rate reflecting (1) 

the rates of return associated with other investments available to the consumer, and (2) the 

observed costs of credit options available to the consumer to reflect the value of avoided debt. 

DOE notes that the LCC does not analyze the appliance purchase decision, so the implicit 

discount rate is not relevant in this model. The LCC estimates net present value over the lifetime 

of the product, so the appropriate discount rate will reflect the general opportunity cost of 

household funds, taking this time scale into account. 

 

Given the long time horizon modeled in the LCC, the application of a marginal interest 

rate associated with an initial source of funds is inaccurate. Regardless of the method of 

purchase, consumers are expected to continue to rebalance their debt and asset holdings over the 

LCC analysis period, based on the restrictions consumers face in their debt payment 

requirements and the relative size of the interest rates available on debts and assets. DOE 

estimates the aggregate impact of this rebalancing using the historical distribution of debts and 

assets. The discount rate is the rate at which future savings and expenditures are discounted to 

establish their present value.  

 

DOE estimates separate discount rate distributions for six income groups, divided based 

on income percentile as reported in the SCF. These income groups are listed in Table 8.3.4. This 

disaggregation reflects the fact that low and high income consumers tend to have substantially 

different shares of debt and asset types, as well as facing different rates on debts and assets. 

Summaries of shares and rates presented in this chapter are averages across the entire population. 
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Table 8.3.4 Definitions of Income Groups  

Income Group Percentile of Income 

1 0 – 19.9 

2 20 – 39.9 

3 40 – 59.9 

4 60 – 79.9 

5 80 – 89.9 

6 90 - 100 
Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, 2010, 2013, 2016, and 

2019. 

 Shares of Debt and Asset Classes  

DOE’s approach involved identifying all household debt or equity classes in order to 

approximate a consumer’s opportunity cost of funds over the product’s lifetime. This approach 

assumes that in the long term, consumers are likely to draw from or add to their collection of 

debt and asset holdings approximately in proportion to their current holdings when future 

expenditures are required or future savings accumulate. DOE now includes several previously 

excluded debt types (i.e., vehicle and education loans, mortgages, all forms of home equity loan) 

in order to better account for all of the options available to consumers. 

 

The average share of total debt plus equity and the associated rate of each asset and debt 

type are used to calculate a weighted average discount rate for each SCF household (Table 

8.3.5). The household-level discount rates are then aggregated to form discount rate distributions 

for each of the six income groups.e  

 

 DOE estimated the average percentage shares of the various types of debt and equity 

using data from the SCF for 1995, 1998, 2001, 2004, 2007, 2010, 2013, 2016, and 2019.f DOE 

derived the household-weighted mean percentages of each source of across the twenty-one years 

covered by the eight survey versions. DOE posits that these long-term averages are most 

appropriate to use in its analysis. 

 

 
e Note that previously DOE performed aggregation of asset and debt types over households by summing the dollar 

value across all households and then calculating shares. Weighting by dollar value gave disproportionate influence 

to the asset and debt shares and rates of higher income consumers. DOE has shifted to a household-level weighting 

to more accurately reflect the average consumer in each income group. 
f Note that two older versions of the SCF are also available (1989 and 1992); these surveys are not used in this 

analysis because they do not provide all of the necessary types of data (e.g., credit card interest rates, etc.). DOE 

feels that the time span covered by the eight surveys included is sufficiently representative of recent debt and equity 

shares and interest rates. 
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Table 8.3.5 Average Shares of Household Debt and Asset Types by Income Group (%) 

Type of Debt or Equity 
Income Group 

1 2 3 4 5 6 All 

Debt: 

Mortgage 14.3 22.2 33.1 43.3 47.5 37.0 31.0 

Home equity loan 1.5 1.8 2.4 3.5 4.6 7.7 3.1 

Credit card 15.8 12.2 9.4 6.1 4.0 1.9 9.3 

Other installment loan 31.9 28.0 23.9 16.9 11.5 5.9 21.9 

Other line of credit 1.4 1.8 1.5 2.0 2.5 2.3 1.8 

Other residential loan 0.7 0.4 0.5 0.4 0.3 0.2 0.5 

Equity: 

Savings account 19.1 15.0 11.6 9.0 8.2 7.5 12.5 

Money market account 3.5 4.3 3.8 3.6 4.4 6.7 4.1 

Certificate of deposit 6.0 6.4 4.6 3.8 3.1 3.3 4.8 

Savings bond  1.5 1.6 1.4 1.6 1.4 1.2 1.5 

State & Local bonds 0.0 0.1 0.2 0.2 0.4 1.3 0.3 

Corporate bonds 0.1 0.1 0.1 0.2 0.1 0.4 0.1 

Stocks  2.3 3.2 3.8 4.8 6.0 12.2 4.6 

Mutual funds 1.8 3.0 3.7 4.8 6.1 12.5 4.5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, 2010, 2013, 2016, and 

2019. 

 Rates for Types of Debt  

DOE estimated interest rates associated with each type of debt. The source for interest 

rates for mortgages, loans, credit cards, and lines of credit was the SCF for 1995, 1998, 2001, 

2004, 2007, 2010, 2013, 2016, and 2019, which associates an interest rate with each type of debt 

for each household in the survey.  

DOE adjusted the nominal rates to real rates for each type of debt by using the annual 

inflation rate for each year (using the Fisher formula).g In calculating effective interest rates for 

home equity loans and mortgages, DOE also accounted for the fact that interest on both such 

loans is tax deductible. This rate corresponds to the interest rate after deduction of mortgage 

interest for income tax purposes and after adjusting for inflation. The specific inflation rates vary 

by SCF year, while the marginal tax rates vary by SCF year and income bin as shown in Table 

 
g Fisher formula is given by: Real Interest Rate = [(1 + Nominal Interest Rate) / (1 + Inflation Rate)] – 1. Note that 

for this analysis DOE used a minimum real effective debt interest rate of 0 percent. 
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8.3.6. For example, a 6 percent nominal mortgage rate has an effective nominal rate of 5.5 

percent for a household at the 25 percent marginal tax rate. When adjusted for an inflation rate of 

2 percent, the effective real rate becomes 2.45 percent. 

Table 8.3.6 Data Used to Calculate Real Effective Household Debt Rates 

Year 
Inflation 

Rate (%) 

Applicable Marginal Tax Rate by Income Group (%) 

1 2 3 4 5 6 

1995 2.81 15.0 15.0 15.0 28.0 28.0 39.6 

1998 1.55 15.0 15.0 15.0 28.0 28.0 39.6 

2001 2.83 10.0 15.0 15.0 27.5 27.5 39.1 

2004 2.68 10.0 15.0 15.0 25.0 25.0 35.0 

2007 2.85 10.0 15.0 15.0 25.0 25.0 35.0 

2010 1.64 10.0 15.0 15.0 25.0 25.0 35.0 

2013 1.46 10.0 15.0 15.0 25.0 25.0 37.3 

2016 1.26 10.0 15.0 15.0 25.0 25.0 37.3 

2019 1.81 10.0 12.0 12.0 22.0 22.0 36.0 

 

 

Table 8.3.7 shows the household-weighted average effective real rates in each year and the mean 

rate across years. Because the interest rates for each type of household debt reflect economic 

conditions throughout numerous years and various phases of economic growth and recession, 

they are expected to be representative of rates in effect in 2027. 

 

Table 8.3.7 Average Real Effective Interest Rates for Household Debt (%) 

Type of Debt 
Income Group 

1 2 3 4 5 6 All 

Mortgage 4.09 3.74 3.60 2.92 2.79 2.19 3.18 

Home equity loan 4.29 4.34 3.86 3.24 3.11 2.45 3.35 

Credit card 9.80 11.02 11.15 11.26 10.90 10.11 10.64 

Other installment loan 6.14 7.09 5.98 5.33 4.54 4.42 6.10 

Other line of credit 3.73 3.67 6.23 5.47 4.89 5.33 4.97 

Other residential loan 6.53 6.41 5.22 4.96 4.33 3.99 5.32 

Sources: Federal Reserve Board. Survey of Consumer Finances (SCF) for 1995, 1998, 2001, 2004, 2007, 2010, 2013, 2016, and 

2019. 

 Rates for Types of Assets  

No similar rate data are available from the SCF for classes of assets, so DOE derived 

asset interest rates from various sources of national historical data (1991-2020). The rates for 
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stocks are the annual returns on the Standard and Poor’s 500 for 1991–2020.11 The interest rates 

associated with AAA corporate bonds were collected from Moody’s time-series data for 1991–

2020.12 Rates on Certificates of Deposit (CDs) accounts came from Cost of Savings Index 

(COSI) data covering 1991–2020.13,h The interest rates associated with state and local bonds (20-

bond municipal bonds) were collected from Federal Reserve Board economic data time-series for 

1991–2020.18,i The interest rates associated with treasury bills (30-Year treasury constant 

maturity rate) were collected from Federal Reserve Board economic data time-series for 1991–

2020.19,j Rates for money market accounts are based on three-month money market account rates 

reported by Organization for Economic Cooperation and Development (OECD) from 1991–

2020.21 Rates for savings accounts are assumed to be half the average real money market rate. 

Rates for mutual funds are a weighted average of the stock rates and the bond rates.k DOE 

adjusted the nominal rates to real rates using the annual inflation rate in each year (see appendix 

8C). In addition, DOE adjusted the nominal rates to real effective rates by accounting for the fact 

that interest on such equity types is taxable. The capital gains marginal tax rate varies for each 

household based on income as shown in Table 8.3.8. 

Table 8.3.8 Average Capital Gains Marginal Tax Rate by Income Group (%)  

Year 
Income Group 

1 2 3 4 5 6 

1995 12.5 12.5 12.5 28.0 28.0 33.8 

1998 12.5 12.5 12.5 24.0 24.0 29.8 

2001 7.5 10.0 15.0 21.3 21.3 27.1 

2004 7.5 10.0 15.0 21.3 21.3 27.1 

2007 7.5 10.0 15.0 20.0 20.0 25.0 

2010 5.0 7.5 15.0 20.0 20.0 25.0 

2013 5.0 7.5 15.0 20.0 20.0 27.4 

2016 5.0 7.5 15.0 20.0 20.0 27.4 

2019 5.0 6.0 6.0 18.5 18.5 26.8 

 

Average real effective interest rates for the classes of household assets are listed in Table 

8.3.9. Because the interest and return rates for each type of asset reflect economic conditions 

 
h The Wells COSI is based on the interest rates that the depository subsidiaries of Wells Fargo & Company pay to 

individuals on certificates of deposit (CDs), also known as personal time deposits. Wells Fargo COSI started in 

November 2009.14 From July 2007 to October 2009 the index was known as Wachovia COSI15 and from January 

1984 to July 2007 the index was known as GDW (or World Savings) COSI.16,17  
i This index was discontinued in 2016. To calculate the 2017 and after values, DOE compared 1981-2020 data for 

30-Year Treasury Constant Maturity Rate and Moody’s AAA Corporate Bond Yield to the 20-Bond Municipal 

Bond Index data.12,18,19 
j From 2003-2005 there are no data. For 2003-2005, DOE used 20-Year Treasury Constant Maturity Rate.20 
k SCF reports what type of mutual funds the household has (e.g. stock mutual fund, savings bond mutual fund, etc.). 

For mutual funds with a mixture of stocks and bonds, the mutual fund interest rate is a weighted average of the stock 

rates (two-thirds weight) and the savings bond rates (one-third weight). 
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throughout numerous years, they are expected to be representative of rates that may be in effect 

in the compliance year. The average nominal interest rates and the distribution of real interest 

rates by year are shown in appendix 8C. 

Table 8.3.9 Average Real Interest Rates for Household Assets (%)  

Equity Type 
Income Group 

1 2 3 4 5 6 All 

Savings accounts 0.24 0.23 0.22 0.20 0.20 0.19 0.22 

Money market accounts 0.48 0.47 0.45 0.41 0.41 0.37 0.43 

Certificate of deposit 0.76 0.74 0.71 0.64 0.64 0.59 0.71 

Treasury Bills (T-bills) 2.25 2.21 2.12 1.93 1.93 1.78 2.08 

State/Local bonds 1.86 2.05 1.96 1.78 1.78 1.64 1.77 

AAA Corporate Bonds 2.30 2.33 2.71 2.59 2.49 2.38 2.49 

Stocks (S&P 500) 8.84 8.67 8.27 7.51 7.51 6.91 7.76 

Mutual funds 7.31 7.37 7.13 6.38 6.46 5.67 6.52 

 

 Discount Rate Calculation and Summary  

Using the asset and debt data discussed above, DOE calculated discount rate distributions 

for each income group as follows. First, DOE calculated the discount rate for each consumer in 

each of the versions of the SCF, using the following formula: 

 

𝐷𝑅𝑖 = ∑ 𝑆ℎ𝑎𝑟𝑒𝑖,𝑗

𝑗

× 𝑅𝑎𝑡𝑒𝑖,𝑗  

Eq. 8.10 

where: 

 

𝐷𝑅𝑖 =   discount rate for consumer i, 

𝑆ℎ𝑎𝑟𝑒𝑖,𝑗 =  share of asset or debt type j for consumer i, and 

𝑅𝑎𝑡𝑒𝑖,𝑗 =   real interest rate or rate of return of asset or debt type j for consumer i. 

 

The rate for each debt type is drawn from the SCF data for each household. The rate for 

each asset type is drawn from the distributions described above.  

Once the real discount rate was estimated for each consumer, DOE compiled the 

distribution of discount rates in each survey by income group by calculating the proportion of 

consumers with discount rates in bins of 1 percent increments, ranging from 0-1 percent at the 
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low end to 30 percent and greater at the high end. Giving equal weight to each survey, DOE 

compiled the overall distribution of discount rates.  

Table 8.3.10 presents the average real effective discount rate and its standard deviation 

for each of the six income groups. To account for variation among households, DOE sampled a 

rate for each RECS household from the distributions for the appropriate income group. (RECS 

provides household income data.) Appendix 8C presents the full probability distributions for 

each income group that DOE used in the LCC and PBP analysis.  

Table 8.3.10 Average Real Effective Discount Rates  

Income Group Discount Rate (%) 

1 4.76 

2 4.99 

3 4.54 

4 3.84 

5 3.47 

6 3.23 

Overall Average 4.29 

Source: Board of Governors of the Federal Reserve System, Survey of Consumer Finances (1995 – 2019) 

8.3.5.2 Commercial/Industrial  

DOE’s method views the purchase of a higher efficiency appliance as an investment that 

yields a stream of energy cost savings. DOE derived the discount rates for the LCC analysis by 

estimating the cost of capital for companies or public entities that purchase ceiling fans. For private 

firms, the weighted average cost of capital (WACC) is commonly used to estimate the present value 

of cash flows to be derived from a typical company project or investment. Most companies use both 

debt and equity capital to fund investments, so their cost of capital is the weighted average of the 

cost to the firm of equity and debt financing, as estimated from financial data for publicly traded 

firms in the sectors that purchase ceiling fans.22 As discount rates can differ across industries, 

DOE estimates separate discount rate distributions for a number of aggregate sectors with which 

elements of the LCC building sample can be associated.  

 

 Damodaran Online, the primary source of data for this analysis, is a widely used source 

of information about debt and equity financing for most types of firms.23 The nearly 200 detailed 

industries included in the Damodaran Online data (shown in a table in appendix 8C) were 

assigned to the aggregate sectors shown in Table 8.3.11, which also shows the mapping between 

the aggregate sectors and CBECS Principal Building Activities (PBAs).l 

 

 
l Previously, Damodaran Online provided firm-level data, but now only industry-level data is available, as compiled 

from individual firm data, for the period of 1998-2020. The data sets note the number of firms included in the 

industry average for each year. 
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 Damodaran Online data for manufacturing and other similar industries were assigned to 

the aggregate Industrial sector, while data for farming and agriculture were assigned to the 

Agriculture sector. Public entities are included in the sectors Federal Government and 

State/Local Government, but Damodaran data are not used for these sectors.  

 

Table 8.3.11 Mapping of Aggregate Sectors to CBECS Categories 

Sector in DOE Analysis 
Applied to CBECS PBAs 

(Name and PBA number) 

Educationm Education (14) 

Food Sales Food sales (6) 

Food Service Food service (15) 

Health Care 
Outpatient health care (8); Inpatient health 

care (16); Nursing (17); Laboratory (4) 

Lodging Lodging (18) 

Mercantile 
Enclosed mall (24); Strip shopping mall (23);  

Retail other than mall (25) 

Office Office (2) 

Public Assembly Public assembly (13) 

Service Service (26) 

All Commercial 
All CBECS PBAs, including those specified 

above 

Industrial Not in CBECS 

Agriculture Not in CBECS 

Federal Government Not in CBECS 

State/Local Government Not in CBECS 

Note: CBECS only includes buildings used by firms in “commercial” sectors, so Industrial, Agriculture, Federal 

Government, and State/Local Government have no associated PBA identifier. However, discount rate distributions 

are required for these sectors because they are significant consumers of some types of appliances and energy-

consuming equipment. 

  

 For private firms, DOE estimated the cost of equity using the capital asset pricing model 

(CAPM).24 CAPM assumes that the cost of equity (ke) for a particular company is proportional to 

the systematic risk faced by that company, where high risk is associated with a high cost of 

equity and low risk is associated with a low cost of equity. In CAPM, the systematic risk facing a 

firm is determined by several variables: the risk coefficient of the firm (β), the expected return on 

risk-free assets (Rf), and the equity risk premium (ERP). The cost of equity can be estimated at 

the industry level by averaging across constituent firms. The risk coefficient of the firm indicates 

 
m This sector applies to private education, while public education is covered under the later discussion of buildings 

operated by state and local government entities. 



 

8-25 

the risk associated with that firm relative to the price variability in the stock market. The 

expected return on risk-free assets is defined by the yield on long-term government bonds. The 

ERP represents the difference between the expected stock market return and the risk-free rate. 

The cost of equity financing is estimated using the following equation, where the variables are 

defined as above: 

 
𝑘𝑒𝑖 = 𝑅𝑓 + (𝛽𝑖 × 𝐸𝑅𝑃) 

Eq. 8.1 

where: 

 

kei =  cost of equity for industry i, 

Rf =  expected return on risk-free assets, 

βi =  risk coefficient of industry i, and 

ERP = equity risk premium. 

 

 Several parameters of the cost of capital equations can vary substantially over time, and 

therefore the estimates can vary with the time period over which data is selected and the 

technical details of the data averaging method. For guidance on the time period for selecting and 

averaging data for key parameters and the averaging method, DOE used Federal Reserve 

methodologies for calculating these parameters. In its use of the CAPM, the Federal Reserve 

uses a forty-year period for calculating discount rate averages, utilizes the gross domestic 

product price deflator for estimating inflation, and considers the best method for determining the 

risk free rate as one where “the time horizon of the investor is matched with the term of the risk-

free security.”25  

 

 By taking a forty-year geometric average of Federal Reserve data on annual nominal 

returns for 10-year Treasury bonds, as provided by Damodaran Online, DOE estimated the risk 

free rates shown in Table 8.3.12.26,27
 DOE also estimated the ERP by calculating the difference 

between risk free rate and stock market return for the same time period, as estimated using 

Damodaran Online data on the historical return to stocks.  
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Table 8.3.12 Risk Free Rate and Equity Risk Premium  

Year 
Risk-Free 

Rate (%) 
ERP (%) Year 

Risk-Free 

Rate (%) 
ERP (%) 

1998 7.15 4.76 2009 7.50 2.46 

1999 6.62 5.83 2010 7.47 2.51 

2000 6.98 4.52 2011 7.80 1.75 

2001 6.98 4.42 2012 7.78 2.62 

2002 7.32 2.80 2013 7.46 4.59 

2003 7.23 3.16 2014 7.65 3.86 

2004 7.33 3.02 2015 7.27 3.67 

2005 7.33 3.45 2016 7.26 4.21 

2006 7.43 3.16 2017 7.36 4.49 

2007 7.61 2.84 2018 7.34 3.89 

2008 8.25 1.15 2019 7.67 3.55 

   2020 7.75 4.08 

 

 The cost of debt financing (kd) is the interest rate paid on money borrowed by a company. 

The cost of debt is estimated by adding a risk adjustment factor (Ra) to the risk-free rate. This 

risk adjustment factor depends on the variability of stock returns represented by standard 

deviations in stock prices. This same calculation can alternatively be performed with industry-

level data. Tax rates also impact the cost of debt financing. Using industry average tax rates 

provided by Damodaran Online, DOE incorporates the after-tax of debt into WACC calculations.  

 

 For industry i, the cost of debt financing is: 

 

𝑘𝑑𝑖 = (𝑅𝑓 + 𝑅𝑎𝑖) × (1 − 𝑡𝑥𝑖) 

Eq. 8.2 

where: 

 

kdi = (after-tax) cost of debt financing for industry, i, 

Rf =  expected return on risk-free assets,  

Rai =  risk adjustment factor to risk-free rate for industry, i, and 

txi =  tax rate of industry, i.  

 

 DOE estimates the weighted average cost of capital using the following equation: 
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𝑊𝐴𝐶𝐶 = 𝑘𝑒𝑖 × 𝑤𝑒𝑖 × 𝑘𝑑𝑖 × 𝑤𝑑𝑖  

Eq. 8.3 

where: 

 

WACCi =  weighted average cost of capital for industry i, 

kei =  cost of equity for industry i, 

kdi =  cost of debt financing for industry, i, 

we =   proportion of equity financing for industry i, and 

wd =   proportion of debt financing for industry i. 

 

 DOE accounts for inflation using the all items Gross Domestic Product deflator.28 Table 

8.3.13 shows the real average WACC values for the major sectors that purchase ceiling fans. 

Tables providing full discount rate distributions by sector are included in appendix 8C. While 

WACC values for any sector may trend higher or lower over substantial periods of time, these 

values represent a cost of capital that is averaged over major business cycles.  

 

 For each entity in the consumer sample for ceiling fans, a discount rate is drawn from the 

distribution calculated for the appropriate sector. 

 

Table 8.3.13 Weighted Average Cost of Capital for Commercial/Industrial Sectors  

Sector Observations Total Firms Mean WACC (%) 

Education 23 801 7.12% 

Food Sales 42 866 5.60% 

Food Service 23 1840 6.34% 

Health Care 54 5416 6.78% 

Lodging 23 1619 6.35% 

Mercantile 99 5510 6.88% 

Office 449 45006 6.78% 

Public Assembly 46 3698 7.17% 

Service 156 15606 6.22% 

All Commercial 929 80520 6.67% 

Industrial 1,301 78249 7.16% 

Agriculture 8 270 6.94% 

Utilities 105 2132 4.14% 

R.E.I.T/Property 53 4313 6.43% 

Note: “Observations” reflect the number of Damodaran Online detailed industries included in DOE’s aggregate 

sector calculation, while “Total Firms” presents a sum of the number of individual companies represented by those 

detailed industries. These are two measures of the comprehensiveness of the data used in the WACC calculation. 

 

 For publicly owned and operated buildings, the cost of capital can be derived using state 

and local bond rates and U.S. Treasury bond rates.29,30
 State and local bond rates are used for 

buildings identified as owned and/or occupied by state or local government entities, such as 
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public schools or local government administrative buildings. Treasury bond rates are used for 

buildings identified as occupied by federal government entities. Table 8.3.14 presents the average 

values of discount rates used for public sectors. As for private firms, a discount rate is drawn 

from the distribution calculated for the appropriate sector. 

 

Table 8.3.14 Discount Rates for Public Sectors that Purchase Ceiling Fans 

Sector Observations Mean Discount Rate (%) 

State/Local Govt 30 years 3.21 

Federal Govt 384 months 2.17 

8.4 BLADE SPAN DISTRIBUTIONS 

DOE developed blade span distributions within each product class to determine the 

likelihood that a given purchaser would select each of the representative fan sizes from the 

engineering analysis. DOE estimated the distribution of representative blade spans for all product 

classes uses information received from manufacturer interviews. Limited information was 

provided for VSD ceiling fans, so DOE assumed that the VSD market was evenly split between 

the two representative blade spans. Table 8.4.1 presents the blade span distribution of each of the 

product classes. DOE assumed that the blade span distributions remain constant over the years 

considered in the analysis. 
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Table 8.4.1 Ceiling Fan Blade Span Probability for Each Product Class 

Blade Span 
Market Share 

(%) 

Standard 

44-inch 29.0 

52-inch 59.7 

60-inch 11.3 

Hugger 

44-inch 32.7 

52-inch 67.3 

Very Small-Diameter 

13-inch 50.0 

16-inch 50.0 

High-Airflow Large-Diameter 

8-foot 20.4 

12-foot 26.2 

20-foot 53.4 

Low-Airflow Large-Diameter 

8-foot 20.4 

12-foot 26.2 

20-foot 53.4 

8.5 ENERGY EFFICIENCY DISTRIBUTIONS 

To estimate the percentage of consumers who would be affected by a potential standard 

at any of the considered efficiency levels, DOE first develops a distribution of efficiencies for 

products that consumers purchase under the no-new-standards (NNS) case. DOE then considers 

the market distribution by EL if a standard were in place, at the assumed compliance year (the 
candidate standard level (CSL) efficiency distribution). For this preliminary analysis, DOE used the 

EL-to-CSL mapping provided in Table 8.5.1. 
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Table 8.5.1 Minimum Efficiency Level at each Candidate Standard Level by Product 

Class 

Product Efficiency Level 

Class CSL 1 CSL 2 CSL 3 CSL 4 CSL 5 

Standard 0 1 2 3 4 

Hugger 0 1 2 3 4 

Very Small-Diameter 1 1 1 1 1 

Low-Airflow Large-Diameter 1 1 1 2 2 

High-Airflow Large-Diameter 1 1 1 2 2 

 

 DOE used feedback from manufacturer interviews as well as a consumer choice model to 

estimate efficiency distributions in 2027 by product class and blade span in the NNS case as well 

as for each CSL. For more detail on the consumer choice model, see chapter 9 of this TSD.  

 

Table 8.5.2 shows the NNS case and CSL efficiency distributions in the compliance year. 

 

Table 8.5.2 Ceiling Fan Efficiency Distributions in 2027 for the No-New-Standards Case 

and Candidate Standards Levels 
Product 

Class 

Blade 

Span 

Efficiency 

Level 

Market Share in 2027 (%)* 

NNS CSL 1 CSL 2 CSL 3 CSL 4 CSL 5 

VSD 

13” 
0 59.0 0.0 0.0 0.0 0.0 0.0 

1 41.0 100.0 100.0 100.0 100.0 100.0 

16” 
0 59.0 0.0 0.0 0.0 0.0 0.0 

1 41.0 100.0 100.0 100.0 100.0 100.0 

Standard 

44” 

0 22.0 22.0 0.0 0.0 0.0 0.0 

1 32.6 32.6 41.8 0.0 0.0 0.0 

2 32.7 32.7 42.0 72.0 0.0 0.0 

3 6.3 6.3 8.1 14.0 50.0 0.0 

4 6.3 6.3 8.1 14.0 50.0 100.0 

52” 

0 37.4 37.4 0.0 0.0 0.0 0.0 

1 31.1 31.1 49.6 0.0 0.0 0.0 

2 19.5 19.5 31.1 61.8 0.0 0.0 

3 6.0 6.0 9.6 19.1 50.0 0.0 

4 6.0 6.0 9.6 19.1 50.0 100.0 

60” 

0 13.6 13.6 0.0 0.0 0.0 0.0 

1 43.7 43.7 50.5 0.0 0.0 0.0 

2 24.5 24.5 28.4 57.4 0.0 0.0 

3 8.1 8.1 9.4 19.0 44.6 0.0 

4 10.1 10.1 11.7 23.6 55.4 100.0 

Hugger 

44” 

0 41.5 41.5 0.0 0.0 0.0 0.0 

1 23.1 23.1 39.5 0.0 0.0 0.0 

2 22.2 22.2 38.0 62.8 0.0 0.0 

3 6.6 6.6 11.3 18.6 50.0 0.0 

4 6.6 6.6 11.3 18.6 50.0 100.0 

52” 

0 31.2 31.2 0.0 0.0 0.0 0.0 

1 28.8 28.8 41.9 0.0 0.0 0.0 

2 28.1 28.1 40.9 70.4 0.0 0.0 
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Product 

Class 

Blade 

Span 

Efficiency 

Level 

Market Share in 2027 (%)* 

NNS CSL 1 CSL 2 CSL 3 CSL 4 CSL 5 

3 5.9 5.9 8.6 14.8 50.0 0.0 

4 5.9 5.9 8.6 14.8 50.0 100.0 

High-Airflow Large-Diameter 

8’ 

0 53.4 0.0 0.0 0.0 0.0 0.0 

1 36.0 89.4 89.4 89.4 0.0 0.0 

2 10.6 10.6 10.6 10.6 100.0 100.0 

12’ 

0 53.4 0.0 0.0 0.0 0.0 0.0 

1 36.0 89.4 89.4 89.4 0.0 0.0 

2 10.6 10.6 10.6 10.6 100.0 100.0 

20’ 

0 61.7 0.0 0.0 0.0 0.0 0.0 

1 37.4 99.1 99.1 99.1 0.0 0.0 

2 0.9 0.9 0.9 0.9 100.0 100.0 

Low-Airflow Large-Diameter 

8’ 

0 47.0 0.0 0.0 0.0 0.0 0.0 

1 34.8 81.8 81.8 81.8 0.0 0.0 

2 18.2 18.2 18.2 18.2 100.0 100.0 

12’ 

0 44.6 0.0 0.0 0.0 0.0 0.0 

1 30.2 74.8 74.8 74.8 0.0 0.0 

2 25.2 25.2 25.2 25.2 100.0 100.0 

20’ 

0 53.4 0.0 0.0 0.0 0.0 0.0 

1 36.0 89.4 89.4 89.4 0.0 0.0 

2 10.6 10.6 10.6 10.6 100.0 100.0 

* Due to rounding, NNS case and CSL totals may not sum to 100% for each product class and blade span pair. 

 Using the projected distribution of efficiencies for ceiling fans, DOE randomly assigned a 

product efficiency to each household and commercial or industrial user drawn from the 

consumer samples. If a consumer is assigned a product efficiency that is greater than or equal to 

the efficiency under consideration, the consumer would not be affected by a standard at that 

efficiency level.  

8.6 LIFE-CYCLE COST AND PAYBACK PERIOD RESULTS 

 The LCC calculations were performed for each of the 10,000 consumers in the sample of 

consumers established for each product class. Each LCC calculation sampled inputs from the 

probability distributions that DOE developed to characterize many of the inputs to the analysis. 

  

 For the set of the sample consumers for each product class, DOE calculated the average 

installed cost, first year’s operating cost, lifetime operating cost, and LCC for each EL. These 

averages are calculated assuming that all of the sample purchasers purchase a product at each 

EL. This allows the installation costs, operating costs, and LCCs for each EL to be compared 

under the same conditions, across a variety of sample purchasers. DOE used these average values 

to calculate the PBP for each EL, relative to the baseline EL. 

 

 DOE first assigned ceiling fans to consumers using the efficiency distribution in the no-

new-standards case. DOE calculated the LCC and PBP for all consumers as if each were to 

purchase a new ceiling fan in the expected year of compliance with amended standards. For any 

given efficiency level, DOE measures the change in LCC relative to the LCC in the no-new-
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standards case, which reflects the estimated efficiency distribution of ceiling fans in the absence 

of new or amended energy conservation standards. 

 

The following sections present the key LCC and PBP findings, as well as figures that 

illustrate the range of LCC and PBP effects among a sample of consumers. A consumer is 

considered to have received a net LCC cost if the purchaser had negative LCC savings at the EL 

being analyzed. DOE presents the average LCC savings for affected consumers, which includes 

only consumers with non-zero LCC savings due to the standard.  

8.6.1 Summary of Results 

The following tables summarize the LCC, PBP, and LCC savings results for each product 

class. 

Table 8.6.1 Average LCC and PBP Results for Very Small-Diameter Ceiling Fans 

EL 

Average Costs (2020$) Simple 

Payback 

Period 

(years) 

Average 

Lifetime 

(years) 
Installed 

Cost 

First Year's 

Operating Cost 

Lifetime 

Operating Cost 

Life-Cycle 

Cost 

0 219.08 13.37 145.21 364.29 -- 13.8 

1 260.60 8.23 89.35 349.96 8.1 13.8 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 

that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table 8.6.2 Average LCC Savings Results for Very Small-Diameter Ceiling Fans 

CSL EL 
% of Purchasers that 

Experience a Net Cost 

Average LCC Savings* 

(2020$) 

1-5 1 33.0 14.53 

* The calculation considers only affected consumers. It excludes purchasers whose purchasing 

decision would not change under a standard set at the corresponding EL, i.e., those with zero 

LCC savings. 

 

Table 8.6.3 Average LCC and PBP Results for Standard Ceiling Fans 

EL 

Average Costs (2020$) Simple 

Payback 

Period 

(years) 

Average 

Lifetime 

(years) 
Installed 

Cost 

First Year's 

Operating Cost 

Lifetime 

Operating Cost 

Life-Cycle 

Cost 

0 132.08 14.96 162.52 294.60 -- 13.9 

1 137.79 13.55 147.23 285.02 4.1 13.9 

2 148.29 12.15 131.94 280.23 5.8 13.9 

3 162.82 7.54 81.84 244.67 4.1 13.9 

4* 162.82 7.54 81.84 244.67 4.1 13.9 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 

that efficiency level. The PBP is calculated relative to the baseline product. 
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*EL 3 and EL 4 ceiling fans have the same MPC and power consumption, and therefore their LCC and 

PBP are also the same. 

Table 8.6.4 Average LCC Savings Results for Standard Ceiling Fans 

CSL EL 
% of Purchasers that 

Experience a Net Cost 

Average LCC Savings* 

(2020$) 

2 1 1.6 18.50 

3 2 19.5 11.17 

4 3 35.9 17.67 

5 4 35.9 17.67 

*The calculation considers only affected consumers. It excludes purchasers whose purchasing 

decision would not change under a standard set at the corresponding EL, i.e., those with zero 

LCC savings.  

 

Table 8.6.5 Average LCC and PBP Results for Hugger Ceiling Fans 

EL 

Average Costs (2020$) Simple 

Payback 

Period 

(years) 

Average 

Lifetime 

(years) 
Installed 

Cost 

First Year's 

Operating Cost 

Lifetime 

Operating Cost 

Life-Cycle 

Cost 

0 124.51 16.84 184.97 309.49 -- 13.9 

1 129.33 15.26 167.55 296.88 3.0 13.9 

2 138.95 13.67 150.12 289.08 4.6 13.9 

3 156.92 7.61 83.33 240.25 3.5 13.9 

4* 156.92 7.61 83.33 240.25 3.5 13.9 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 

that efficiency level. The PBP is calculated relative to the baseline product. 

*EL 3 and EL 4 ceiling fans have the same MPC and power consumption, and therefore their LCC and 

PBP are also the same. 

 

Table 8.6.6 Average LCC Savings Results for Hugger Ceiling Fans 

CSL EL 
% of Purchasers that 

Experience a Net Cost 

Average LCC Savings* 

(2020$) 

2 1 0.9 24.42 

3 2 20.1 14.27 

4 3 30.3 22.71 

5 4 30.3 22.71 

*The calculation considers only affected consumers. It excludes purchasers whose purchasing 

decision would not change under a standard set at the corresponding EL, i.e., those with zero 

LCC savings.  
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Table 8.6.7 Average LCC and PBP Results for High-Airflow Large-Diameter Ceiling 

Fans 

EL 

Average Costs (2020$) Simple 

Payback 

Period 

(years) 

Average 

Lifetime 

(years) 
Installed 

Cost 

First Year's 

Operating Cost 

Lifetime 

Operating Cost 

Life-Cycle 

Cost 

0 4,059.62 241.99 2,136.39 6,196.02 -- 13.9 

1 4,092.24 205.49 1,814.11 5,906.35 0.9 13.9 

2 4,382.35 181.38 1,601.20 5,983.55 5.3 13.9 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 

that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table 8.6.8 Average LCC Savings Results for High-Airflow Large-Diameter Ceiling 

Fans 

CSL EL 
% of Purchasers that 

Experience a Net Cost 

Average LCC Savings* 

(2020$) 

1-3 1 0.0 298.34 

4-5 2 38.2 98.19 

* The calculation considers only affected consumers. It excludes purchasers whose purchasing 

decision would not change under a standard set at the corresponding EL, i.e., those with zero 

LCC savings. 

 

Table 8.6.9 Average LCC and PBP Results for Low-Airflow Large-Diameter Ceiling 

Fans 

EL 

Average Costs (2020$) Simple 

Payback 

Period 

(years) 

Average 

Lifetime 

(years) 
Installed 

Cost 

First Year's 

Operating Cost 

Lifetime 

Operating Cost 

Life-Cycle 

Cost 

0 3,965.35 178.82 1,617.89 5,583.24 -- 13.8 

1 3,992.42 143.36 1,297.12 5,289.54 0.8 13.8 

2 4,087.77 130.99 1,185.23 5,273.00 2.6 13.8 

Note: The results for each EL represent the average value if all purchasers in the sample use products with 

that efficiency level. The PBP is calculated relative to the baseline product. 

 

Table 8.6.10 Average LCC Savings Results for Low-Airflow Large-Diameter Ceiling Fans 

CSL EL 
% of Purchasers that 

Experience a Net Cost 

Average LCC Savings* 

(2020$) 

1-3 1 0.0 300.29 

4-5 2 17.6 189.83 

* The calculation considers only affected consumers. It excludes purchasers whose purchasing 

decision would not change under a standard set at the corresponding EL, i.e., those with zero 

LCC savings. 
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8.6.2 Distribution of Impacts 

 The figures in this section are presented as frequency charts that show the distribution of 

LCCs and LCC impacts with their corresponding probability of occurrence. DOE generated the 

figures for the distributions from a Monte Carlo simulation run based on 10,000 samples.  

  No-New-Standards Case Distribution of Life-Cycle Cost 

 Figure 8.6.1 shows the no-new-standards case LCC distributions for each product class of 

ceiling fans. 

 

 
Figure 8.6.1 Distribution of Life-Cycle Costs in the No-New-Standards Case by Product 

Class 
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  Efficiency Level Distribution of LCC Impacts  

 Figure 8.6.2 is an example of a frequency chart that shows the distribution of LCC 

differences for the case of a standard set at EL 2 for standard ceiling fans (this corresponds to 

candidate standards case 3 for this product class).  

 

 
Figure 8.6.2 Distribution of LCC Impacts for Efficiency Level 2 for Standard Ceiling 

Fans 

8.6.3 Range of LCC Impacts 

Figure 8.6.3 shows the range of LCC savings for all ELs for each ceiling fan product 

class.. For each plot, the top and the bottom of the box indicate the 75th and 25th percentiles, 

respectively. The bar at the middle of the box indicates the median: 50 percent of consumers 

have LCC savings in excess of that value. The “whiskers” at the bottom and the top of the box 

indicate the 5th and 95th percentiles. The red dots indicate the mean LCC savings at each EL. 

 

 
Figure 8.6.3 Range of Average LCC Savings by Efficiency Level for all Product Classes  
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8.6.4 Rebuttable Payback Period 

 DOE calculates so-called rebuttable PBPs to test the legally established rebuttable 

presumption that an energy efficiency standard is economically justified if the additional product 

costs attributed to the standard are less than three times the value of the first-year energy cost 

savings. (42 U.S.C. §6295 (o)(2)(B)(iii))  

 

 The basic equation for rebuttable PBP is the same as that used for PBP. However, the 

rebuttable PBP is primarily on discrete single-point values. For example, whereas DOE uses a 

probability distribution of energy prices in the main PBP analysis, it uses only the national 

average energy price to determine the rebuttable PBP. In addition, the rebuttable PBP relies on 

the DOE test procedure to determine a product’s annual energy consumption. The rebuttable 

PBP also excludes any maintenance and repair costs. 

 

 The following summarizes the single-point values that DOE used in determining the 

rebuttable PBP:  

• Average installed cost as reported in the tables in section 8.6.1. 

• Modal power values from the engineering analysis, weighted across the representative 

blade spans for each efficiency level. The standby power was calculated as 0.105 W for 

standard and hugger ceiling fans at ELs 1 and 2 (15 percent of these fans have a remote 

control that consumes 0.7 W of standby power). 

• Modal operating hours as defined in the ceiling fans test procedure (see Table 8.6.11). 

• National-average average and marginal electricity prices for 2027 based on 2020 EEI 

data and the national electricity price trends from AEO 2021 (section 8.3.2).  

 

Table 8.6.11 Daily Operating Hours from the Ceiling Fans Test Procedure 

Daily Operating Hours for Standard, Hugger, and VSD Ceiling 

Fans 

 No Standby With Standby 

High Speed 4.2 4.2 

Low Speed 2.2 2.2 

Standby Mode 0.0 17.6 

Off Mode 17.6 0.0 

Daily Operating Hours for HSSD and Large-Diameter Ceiling 

Fans 

 No Standby With Standby 

Active Mode 12.0 12.0 

Standby Mode 0.0 12.0 

Off Mode 12.0 0.0 
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 Table 8.6.12 presents the rebuttable payback periods for each product class and 

considered EL.  

 

Table 8.6.12 Rebuttable Presumption Payback Period (years) 

EL Standard Hugger VSD 
High-Airflow 

Large-Diameter 

Low-Airflow 

Large-Diameter 

1 3.1 2.3 6.7 1.1 0.4 

2 4.3 3.4  10.4 1.5 

3 3.1 2.5    

4 3.1 2.5    
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CHAPTER 9. SHIPMENTS ANALYSIS 

9.1 INTRODUCTION 

 Projections of product shipments are a necessary input for calculating national energy 

savings (NES) and net present value (NPV) of potential new or amended energy efficiency 

standards. Shipments also are a necessary input to the manufacturer impact analysis. This chapter 

describes DOE’s method and results of projecting annual shipments for ceiling fans. 

 

 The shipments model developed by the U.S. Department of Energy (DOE) takes an 

accounting approach, tracking the entry and exit of products in the stock, resulting in an age 

distribution of in-service product stock for each year in the analysis period. Rather than simply 

extrapolating a current shipments trend, the analysis uses key drivers of shipments, including 

construction forecasts and product retirement functions, to project sales in each market segment. 

For ceiling fans, DOE accounted for three market segments: (1) shipments to new construction; 

and (2) shipments to replace retired units in existing buildings, and (3) shipments to new 

installations in existing buildings. To estimate the effect of potential standard levels on product 

shipments, the shipments model accounts for the effects of changes in purchase price and energy 

efficiency on the consumer purchase decision. Consumer purchasing behavior was based on the 

purchase price of ceiling fans, which results in a modeled decrease in shipments in standards 

cases. 

 

 Due to the complexity of the shipments model, DOE utilized the Python programming 

language for its shipments analysis. The final results of the shipments analysis are available in 

the national impact analysis (NIA) spreadsheet developed for this preliminary analysis, 

accessible at https://www.regulations.gov/docket/EERE-2021-BT-STD-0011. Appendix 10A of 

this technical support document (TSD) describes how to access the NIA workbook and provides 

basic instructions for its use.  

 

 The rest of this chapter explains the shipments model in more detail. Section 9.2 presents 

an overview of the shipments model; section 9.3 describes the data inputs and analysis of market 

segments; section 9.4 presents methodologies used to estimate demand in different market 

segments; section 9.5 presents the projection of shipments in the case without new or amended 

standards; section 9.6 discusses the effect of potential standards on shipments; and section 9.7 

presents the model results for various standard levels considered. 

9.2 SHIPMENTS MODEL OVERVIEW 

 DOE’s shipments model takes an accounting approach, tracking the vintage of units in 

the existing stock and expected housing stock trends. The stock accounting uses historic product 

shipments, an initial in-service product stock, and a retirement function to develop an estimate of 

the age distribution of in-service product stock for all years. In each year, the stock of installed 

ceiling fans changes as a result of shipments and retirements. 
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9.2.1 Compute Demand and Shipments 

To project the shipments in each year, DOE first calculates total demand. Total demand is 

comprised of new demand for ceiling fans, demand to replace retired units, and lost demand that 

represents retirements that won’t be replaced due to demolition. At each standard level, the total 

demand is reduced in order to account for the increase in prices observed by consumers due to 

elasticity. The resulting total demand is then allotted among the available efficiency levels at the 

given standard to represent that year’s shipments. 

 

The equation for total demand is: 

 

𝐷𝑒𝑚(𝑦) = 𝐷𝑒𝑚𝑁𝑒𝑤 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛(𝑦) + 𝐷𝑒𝑚𝐸𝐵(𝑦)  + 𝐷𝑒𝑚𝑅𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑦) −  𝐷𝑒𝑚𝐿𝑜𝑠𝑡(𝑦) 

Eq. 9.1 

Where: 

 

𝐷𝑒𝑚(𝑦) =    Total demand in year y, 

𝐷𝑒𝑚𝑁𝑒𝑤 𝐶𝑜𝑛𝑠𝑡𝑟𝑐𝑡𝑖𝑜𝑛(𝑦) = Demand for ceiling fans in new construction in year y, 

𝐷𝑒𝑚𝐸𝐵(𝑦) =   Demand for fans installed into existing buildings in year y,  

𝐷𝑒𝑚𝑅𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑦) =  Demand for replacing the retired units in year y, and 

𝐷𝑒𝑚𝐿𝑜𝑠𝑡(𝑦) =   Demand lost due to building demolitions in year y. 

 

 See Section 9.4 for more details on computing these components of total demand. 

 

 After computing total demand in any given year, an elasticity effect is applied that 

reduces total shipments in the presence of prices that are higher than those in the no-new-

standards case. Now the total demand can be allotted among available representative units of the 

product class using a given efficiency distribution. While a consumer choice model is used to 

create an efficiency distribution for standard, hugger, and VSD fans, the no-standards-case 

efficiency distribution of large diameter ceiling fans is “rolled up” in each standards case to the 

lowest qualifying efficiency level.  

9.2.2 Updating Stock 

 The distribution of ceiling fan stocks is a key input to both the NES and NPV calculations 

because the energy consumption and operating costs in any year depend on the efficiency 

distribution of the stock. This distribution can evolve over time, and so the composition is 

tracked in each year.  

 

 DOE calculated total stock of each product by integrating historical shipments data 

beginning with a specific year. The start year depends on the historical data available for the 

product. As units are added to the stock, some of the older ones retire and exit the stock. To 

estimate future shipments, DOE developed a series of equations that define the dynamics and 

accounting of stocks. For new units, the equation is: 
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Stock(y, age = 1) = 𝑆ℎ𝑖𝑝(𝑦 − 1) 

  

Eq. 9.2 

Where:  

 

Stock(y, age) = Number of units of a particular age in stock in year y, 

y   =                           Year for which the stock is being estimated, and 

Ship (y) =  Number of units purchased in year y. 

 

 The above equation states that the number of one-year-old units is simply equal to the 

number of new units purchased the previous year. Slightly more complicated equations, such as 

the following equation, describe how the model accounts for the existing stock of units.  

 

𝑆𝑡𝑜𝑐𝑘(𝑦 + 1, 𝑎𝑔𝑒 + 1) = 𝑆𝑡𝑜𝑐𝑘(𝑦, 𝑎𝑔𝑒) × [1 − 𝑃𝑟𝑒𝑡(𝑎𝑔𝑒)] 
Eq. 9.3 

 

 In this equation, as the year is incremented from y to y+1, the age is also incremented 

from age to age+1. Over time, a fraction of the stock is removed; that fraction is determined by a 

retirement probability function, probRtr(age). For most appliances that have been used by U.S. 

consumers for a long time, replacements typically constitute the majority of shipments. Most of 

those replacements occur when a unit wears out and fails. 

  

 The affected stock is the in-service stock of the product that is affected by a potential 

standard level. The affected stock consists of those in-service units that are purchased in or after 

the year a standard takes effect, as described by the following equation. 

 

Stock𝑎𝑓𝑓(y) = 𝑆ℎ𝑖𝑝(𝑦) + ∑ 𝑆𝑡𝑜𝑐𝑘

𝑦−𝑆𝑡𝑑𝑦𝑟

𝑎𝑔𝑒=1

(𝑦, 𝑎𝑔𝑒) 

Eq. 9.4 

Where: 

 

Stock𝑎𝑓𝑓 (y) = affected stock of units of all vintages that are operational in 

year y, 

𝑆ℎ𝑖𝑝(𝑦) =    shipments in year y,  

Stdyr       =   compliance date of standard, and 

∑ 𝑆𝑡𝑜𝑐𝑘
𝑦−𝑆𝑡𝑑𝑦𝑟

𝑎𝑔𝑒=1 (𝑦, 𝑎𝑔𝑒)= stock of units of all vintages shipped after the standards 

year that are operational in year y. 

 

 

 For the current analysis, DOE assumed that any new energy efficiency standards for 

ceiling fans would require compliance in 2027. Thus, all appliances purchased starting in 2027 

are affected by the standard level. DOE’s analysis considers shipments over a 30-year period, in 

this case from 2027 through 2056. 
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9.3 DATA INPUTS  

9.3.1 Historical Shipments 

DOE used historical ceiling fan shipments estimates to develop its shipments model. 

Historical shipments are based on those used for the January 2017 Final Rule1 for years 1991 

through 2012. To derive total historical shipments of standard, hugger, and VSD fans in years 

2013 through 2020, DOE used Energy Star Unit Shipments reports2, with the exception of 2019, 

which was deemed an outlier. In this year, DOE interpolated between total shipments estimates 

for 2018 and 2020. For large-diameter fans, DOE used historical shipments from the prior final 

rule, together with shipments projections produced for that rulemaking in years 2013-2020. The 

total historical shipments are shown below.  

 

 
Figure 9.3.1 Historical Shipments of Standard, Hugger, and VSD Fans (1991– 2020) 

 
Figure 9.3.2 Historical Shipments of Large-Diameter Ceiling Fans (1991– 2020) 
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9.4 PROJECTING SHIPMENTS BY MARKET SEGMENT 

 The market for ceiling fans primarily consists of new demand and replacement for 

retirements. New demand can consist of installations of fans into new and existing buildings, and 

demand for replacements is moderated by the fact that demolitions remove some ceiling fans 

from stock.  

9.4.1     Replacements 

 To determine shipments in the replacement market, DOE used an accounting method that 

tracks the total stock of units by vintage. DOE estimated a stock of ceiling fans by vintage by 

integrating historical shipments starting from 1991. Over time, some units are retired and 

removed from the stock, triggering the shipment of a replacement unit. Depending on the 

vintage, a certain percentage of units will fail and need to be replaced. To estimate how long a 

unit will function before failing, DOE used a survival function based on the distributions of 

product lifetime (see chapter 8 of this TSD). The retirement function is applied to both historical 

shipments and projected shipments from all of the market segments. Figure 9.4.1 shows the 

retirement function that DOE used to estimate replacement shipments for ceiling fans.  

 

DOE determined the demand for replacement shipments in a given year by first 

computing the number of shipments from previous years that would be expected to retire in that 

year. The probability that a given product will retire 𝐴 years after installation is: 

𝑷𝒓𝒆𝒕(𝑨) = 𝑷𝒔𝒖𝒓𝒗(𝑨 − 𝟏) − 𝑷𝒔𝒖𝒓𝒗(𝑨) 

Eq. 9.5 

Where: 

 

𝐴 = the product’s age (years since installation), 

𝑃𝑟𝑒𝑡(𝐴) = the probability that a product is retired when it is 𝐴 years old, and 

𝑃𝑠𝑢𝑟𝑣(𝐴) = the probability that the product survives (i.e., is not retired) for 𝐴 years after 

installation. 

 

The retirement probability function is used to compute the demand incurred by expected 

product failures in year y, given a time series of historical shipments spanning the maximum 

expected age reached by any product, Amax: 

               𝐷𝑒𝑚𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑦) =  ( ∑ 𝑷𝒓𝒆𝒕(𝒚 − 𝒗)

𝒚−𝟏

𝒗=𝒚−𝑨𝐦𝐚𝐱  

𝑺𝒉𝒊𝒑(𝒗))  −  𝐷𝑒𝑚(𝑦) 

Eq. 9.6 

Where: 

 

y =   current year, 

𝑣 =   product vintage (i.e., year of shipment), 
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Amax =   maximum expected lifetime (yrs),  

𝑃𝑟𝑒𝑡(𝑦 − 𝑣) =   probability of retirement in year 𝑦 − 𝑣 of product’s lifetime, and 

𝑆ℎ𝑖𝑝(𝑣) =  total shipments of products that occurred in a particular vintage (number 

of units), and 

𝐷𝑒𝑚(𝑦) =  Ceiling fans in existing buildings that were demolished in year y 

 

 
Figure 9.4.1 Ceiling Fan Retirement Function 

     

 DOE estimated demand lost to demolitions in any given shipments projection year by 

multiplying an estimate of housing demolitions with the fraction that had ceiling fans (66%) and 

the average number of ceiling fans in each of those buildings (2.72). These quantities are the 

RECS 20153 estimates of penetration and saturation of ceiling fans for residences constructed 

before 1970. This demand lost to demolitions accounts for ceiling fan retirements that will not 

result in replacement. DOE assumed there was no corresponding lost demand for large-diameter 

ceiling fans. 

 

 Demolitions were derived from AEO 2021 housing starts and housing stock estimates, 

according to the formula:  

                      𝐷𝑒𝑚(𝑦) =  (𝑆𝑡𝑜𝑐𝑘(𝑦 − 1) + 𝑁(𝑦))  −  𝑆𝑡𝑜𝑐𝑘(𝑦)  
Eq. 9.7 

Where:  

 

Dem(y)  =   Demolitions in year y, and 

𝑆𝑡𝑜𝑐𝑘(𝑦) =  Housing stock in year y, and 

N(y) =   New housing starts in year y   

 

 Because housing starts are projected only as far as 2050, values through 2056 are filled 

using the 2050 estimate. The estimate of demolitions in years 2051-2056 is projected in the same 

way. 
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9.4.2 New Demand 

New demand was computed differently for large-diameter ceiling fans compared to the 

other product classes. For large-diameter ceiling fans, new demand was derived by linearly 

extrapolating historical shipments, in line with the methodology employed for the January 2017 

Final Rule.  

For standard, hugger, and VSD fans, new demand was comprised of (a) demand for fans 

in new construction, and (b) demand for fans being installed into existing buildings. To forecast 

the shipments of ceiling fans installed in new homes for any given year, DOE multiplied the 

forecasted new housing completions by the penetration of ceiling fans in new housing and the 

estimated saturation of fans new homes with any fan at all. The estimates of penetration (76%) 

and saturation for these fans (3.14 fans per home) were derived from RECS 20153 by examining 

homes constructed in the period 2010-2015. 

In order to estimate demand for standard, hugger, and VSD fans installed into existing 

buildings, DOE first estimated that 28% of homes do not have ceiling fans in the initial year of 

shipments analysis, derived from the fraction of all homes without fans in RECS 2015. In each 

subsequent year, 2.8%a of existing building stock without fans will see an installation of, on 

average, 3.14 fans – the same as that for new construction. By adding fans to existing buildings, 

and also having housing stock turn over, the fraction of homes without a fan decreases in each 

year. This process continues until eventually the fraction of all buildings with a ceiling fan is the 

same as the penetration of ceiling fans in new construction, at which point DOE assumes that 

there is no more demand for installation into existing buildings. 

9.5 SHIPMENTS IN THE NO-NEW-STANDARDS CASE 

DOE modeled demand in the no-new-standards case by modeling demand from market 

segments as described in Section 9.4. This demand was allotted to shipments using efficiency 

distributions for each product class. 

In order to allot demand for ceiling fans, DOE implemented a consumer choice model 

(see Eq. 9.8) that calculates market share for each Ceiling Fan option as a function of its price 

relative to that of similar ceiling fans. Qualitatively, higher-priced ceiling fan options will 

receive less market share. The sensitivity to price of -0.014 per dollar was estimated by 

examining online survey data on ceiling fan consumers from TraQline.b To derive this 

sensitivity, DOE fit an exponential curve to ceiling fan purchase frequency data pertaining to 45 

– 54 inch fans collected from a TraQline survey (see Figure 9.5.1) and used the parameter of the

resulting function to estimate sensitivity.

a See January 2017 Final Rule 
b TraQline is a market research company that specializes in tracking consumer purchasing behavior across a wide 

range of products using quarterly online surveys.  www.traqline.com 
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Figure 9.5.1 Consumer Sensitivity to Ceiling Fan Price: Fit to Survey Data 

DOE computed and implemented adjustment factors to calibrate the consumer choice 

model to current market shares, so that the consumer choice model aligns with present efficiency 

distribution estimates where provided by manufacturer interviews. DOE assumed that over time 

the adjustment factors applied to ceiling fans with brushless DC (BLDC) motors will eventually 

approach the values applied to similar ceiling fans with AC induction motors. 

The following equation models consumer sensitivity to price by computing lower 

probabilities of purchase for more expensive fans. Because larger prices will result in exponents 

with larger negative numbers, the numerator of the equation for a more expensive fan will be less 

than that for a less expensive fan, calibration factors notwithstanding. At the same time, the 

denominator for both options will remain the same. 

𝑃𝑗(𝑧) =  
𝐶𝑗𝑒𝑧𝑗

∑ 𝐶𝑖𝑒𝑧𝑖𝑛
𝑖=1

Eq. 9.8 

Where: 

𝑃𝑗(𝑧) = the probability a consumer will purchase product 𝑗 among 𝑛 possible options,

𝐶𝑗 = calibration factor for product 𝑗, and

𝑧𝑗 = The product of the price of fan option j and sensitivity to price (-.014)

DOE computed calibration factors based on estimates of market share derived from 

manufacturer interviews. Because this information pertained only to the efficiency distribution of 

standard and hugger fans, DOE set the calibration factors to 1 for both VSD and large-diameter 

fans. Table 9.5.1 shows the initial efficiency distribution used to calibrate the model for standard 

and hugger fans. 
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Table 9.5.1 Estimated Market Shares (in Percent of Market) of Standard and Hugger 

Fans 

Product Class 
Blade Span 

(inches) 

Efficiency Level 

0 1 2 3 4 

Standard 

44 24.7 36.6 36.7 1.0 1.0 

52 41.7 34.6 21.7 1.0 1.0 

60 15.7 50.4 28.3 1.4 4.2 

Hugger 
44 47.0 26.0 25.0 1.0 1.0 

52 34.0 32.0 31.0 1.0 1.0 

In order to compute calibration factors, DOE created a system of equations for each blade 

span of standard and hugger fans. In each equation, the consumer choice model equation (Eq. 

9.8, including unknown values Ci and known logits zi) is set equal to the estimated market share. 

A degree of freedom is removed from the system by choosing to set the lowest efficiency option 

to a calibration factor of 1. At this point, DOE used a linear algebra package in the Python 

programming language to find the unique solution to the remaining system of equations. 

DOE also assumed that the price of all ceiling fans with BLDC motors would decrease 

over time to that of the most expensive representative unit of the same product class with an AC 

motor. The modeling for this price decline is described in section 8.2.3 of this TSD. 

This combination of a changing calibration factor and decreasing price has the effect of 

increasing the market share of fans with BLDC motors in the no-new-standards case and 

reducing savings that might otherwise be realized by setting a high standard. After incorporating 

these effects, DOE estimates that 12.6 percent of standard, hugger, and VSD fans sold will have 

BLDC motors in the compliance year. By 2056, this model estimates that 40.7% of these fans 

sold will have a DC motor in the no-new-standards case. 

Figure 9.5.2 and Figure 9.5.3 show projections of no-new standards case shipments totals 

over the analysis period. 

Figure 9.5.2 Projected Shipments for no-New-Standards Case for Standard, Hugger, and 

VSD fans 
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Figure 9.5.3 Projected Shipments for no-New-Standards Case for Large-Diameter Ceiling 

Fans 

9.6 IMPACT OF STANDARDS ON SHIPMENTS 

 At each standard level, a minimum efficiency level is set for each product class. For this 

preliminary analysis, DOE set candidate standard levels (CSLs) as seen in Table 9.6.1. At each 

CSL, DOE assumes that all shipments will meet the minimum qualifying EL for each product 

starting in the year the rule takes effect. 

 

Table 9.6.1 Candidate Standard Level Structure: Minimum qualifying EL at each CSL 

Candidate 

Standard Level 

Product Class 

Standard Hugger VSD 
Large Diameter 

– Low Airflow 

Large Diameter 

– High Airflow 

1 0 0 1 1 1 

2 1 1 1 1 1 

3 2 2 1 1 1 

4 3 3 1 2 2 

5 4 4 1 2 2 

 

 In each standards case, DOE applied an elasticity adjustment to total no-new-standards 

shipments of each product class to account for the facts that (a) the more efficient ceiling fans in 

our analysis are more expensive, and (b) consumers are sensitive to purchase price. This 

adjustment takes the form: 

 

𝑆ℎ𝑖𝑝𝑆𝑇𝐷(𝑦)  =  𝑆ℎ𝑖𝑝𝑁𝑁𝑆(𝑦) (1 + 𝑒𝑅𝑃 [
𝑅𝑃𝑆𝑇𝐷 − 𝑅𝑃𝑁𝑁𝑆

𝑅𝑃𝑁𝑁𝑆
]) 

Eq. 9.9 

Where: 

 ShipSTD (y) = Total shipments in the standards-case in year y, and 
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 ShipNNS(y) = Total shipments in the no-new-standards case in year y, and 

 eRP(y)  = Elasticity to relative price in year y, and 

 RPSTD(y) = Relative price of Ceiling Fans in the standards-case in year y, and  

 RPNNS(y) = Relative price of Ceiling Fans in the no-new-standards-case in year y. 

 

 Shipments in the no-new-standards case are described in Section 9.5. Values for elasticity 

are chosen at the high end of a suggested range from a prior study of sensitivity to price in home 

appliances4. This value decreases over time (see Table 9.6.2) which reflects a gradual return to 

normal consumer purchasing frequencies. 

  

 

Table 9.6.2 Change in Price Elasticity Following a Change in Purchase Price 

 

Year Following Price Change 

1 2 3 5 10 20 

Change in elasticity 

relative to first year 
1.00 0.78 0.64 0.46 0.36 0.34 

Price elasticity -0.5 -0.39 -0.32 -0.23 -0.18 -0.17 

 

 Relative prices are a ratio of product cost(s) to the income of a consumer. Product costs 

can be comprised of any cost considerations a consumer may make (purchase price and/or 

operating cost, for example). DOE assumed that for each fan, purchase price would be 

considered as the primary cost component. In each year of shipments projections in any given 

product class, the efficiency distribution and current purchase prices of available fans are 

combined to create an average purchase price. Because the income of consumers is not affected 

by a standard, only changes in average purchase price affect the size of the elasticity adjustment. 

 

 In the max-tech case, which represents the greatest increase in average purchase price, 

total ceiling fan shipments are expected to decrease by 6.3% in the compliance year. 

 

 Once total shipments are computed based on the no-new-standards totals, they are 

allotted among available product class efficiency levels using an efficiency distribution. For 

standard, hugger, and VSD fans, a consumer choice model (the same as that use to compute no-

new-standards shipments in Section 9.5) is used to define an efficiency distribution over 

available efficiency levels of those product classes. For large-diameter ceiling fans, shipments 

that would otherwise be allotted to ceiling fans that would not meet a considered CSL according 

to the no-new-standards efficiency distribution are “rolled up” to the minimum qualifying 

efficiency level at the given CSL. 

9.7 SHIPMENTS PROJECTIONS  

 This section compares the shipments projected under the no-new-standards case with 

those projected for all the CSLs considered for ceiling fans. Figure 9.7.1 and Figure 9.7.2 show 

projections of total shipments at each standard level. One can observe that the size of the 

elasticity effect is smaller for large-diameter fans than for the others, since differences in average 

price are a smaller fraction of no-new-standards average purchase price. 
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Figure 9.7.1 Projected Shipments for Standard, Hugger, and VSD fansc 

 
 

Figure 9.7.2 Projected Shipments for Large-Diameter Ceiling Fansd 

  

 
c Because the purchase price of efficiency level 3 and 4 standard and hugger fans were the same, the elasticity effect 

at both standard levels is the same as well. This results in total shipments being the same at CSLs 4 and 5, where the 

standard for those fans is set at efficiency level 3 and 4, respectively. 
d Projections are overlayed. Because the elasticity effect is so small for large-diameter fans, projections of total 

shipments at different CSLs are virtually indistinguishable. 
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CHAPTER 10. NATIONAL IMPACT ANALYSIS 

10.1 INTRODUCTION 

 This chapter describes the methods the U.S. Department of Energy (DOE) used to 

conduct a national impact analysis (NIA) of potential energy efficiency standard levels for 

ceiling fans, and the results of the analysis. For each potential standard level, DOE evaluated the 

following impacts: (1) national energy savings (NES), (2) monetary value of the energy savings 

for consumers of ceiling fans, (3) increased total installed costs, and (4) the net present value 

(NPV), which is the difference between the savings in operating costs and the increase in total 

installed costs.  

 

 DOE determined the NES and NPV for all the candidate standard levels (CSLs) 

considered for ceiling fans. DOE utilized the Python programming language for the shipments 

analysis and the NIA, the final results of which are available as a spreadsheet developed for this 

preliminary analysis, accessible at https://www.regulations.gov/docket/EERE-2021-BT-STD-

0011. The spreadsheet combines the calculations for determining the NES and NPV for each 

considered CSL with input from the appropriate shipments model. Details and instructions for 

using the NIA model are provided in appendix 10A of this technical support document (TSD).  

 

 The NIA calculation starts with the shipments model. Chapter 9 of this TSD provides a 

detailed description of the shipments model that DOE used to project future purchases of ceiling 

fans, and how standards might affect the level of shipments. 

 

 The analysis is described more fully in subsequent sections. The descriptions include 

overviews of how DOE performed each model’s calculations and summaries of the major inputs. 

Table 10.1.1 summarizes inputs to the NIA model.  

 

https://www.regulations.gov/docket/EERE-2021-BT-STD-0011
https://www.regulations.gov/docket/EERE-2021-BT-STD-0011
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Table 10.1.1 Inputs to Calculating National Energy Savings and Net Present Value  

Input Data Description 

Shipments Annual shipments at each standard level from shipments 

model (chapter 9), broken out by product class and 

efficiency level at each CSL. 

Compliance date of standard  2027. 

Analysis period For products shipped between 2027 through 2056 

Annual energy consumption per unit Annual average values of unit energy consumption (UEC) 

per fan. 

Total installed cost per unit Annual average values per fan. 

Trend in energy prices Based on Energy Information Administration’s (EIA’s) 

Annual Energy Outlook (AEO) 2021 Reference case (see 

chapter 8). 

Energy site-to-primary factor A time-series conversion factor that accounts for energy 

used to generate electricity.  

Full-fuel-cycle multiplier Developed to include the energy consumed in extracting, 

processing, and transporting or distributing primary fuels. 

Discount rate 3 percent and 7 percent. 

Present year Future expenses are discounted to 2021. 

 

10.1.1 Candidate Standard Levels 

 DOE developed five CSLs to cover a range of potential standards. CSLs are described in 

the table below. 

 

Table 10.1.2 Mapping of CSLs to minimum qualifying Product Class ELs 

Candidate 

Standard Level 

Product Class 

Standard Hugger VSD 
Large Diameter 

– Low Airflow 

Large Diameter 

– High Airflow 

1 0 0 1 1 1 

2 1 1 1 1 1 

3 2 2 1 1 1 

4 3 3 1 2 2 

5 4 4 1 2 2 
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10.2 NATIONAL ENERGY SAVINGS 

 DOE calculated the NES associated with the difference between the no-new-standards 

case and each standards case for ceiling fans. DOE’s analysis considers lifetime energy use of 

products shipped in the 30-year period beginning in the compliance year—in this case, 2027. The 

analysis period ends when all of the products shipped in the 30-year period are retired from the 

stock.  

 

DOE calculates NES expressed as: 

• Primary energy: Accounts for the energy used to generate electricity, 

• Full-fuel-cycle (FFC) energy: Accounts for the energy consumed in extracting, 

processing, and transporting or distributing primary fuels. 

10.2.1 Definition  

 DOE calculates annual NES for a given year as the difference between the national 

annual energy consumption (AEC) in a no-new-standards case and a standards case. Cumulative 

energy savings are the sum of annual NES throughout the analysis period. 

 

 In determining national AEC, DOE first calculates AEC at the site. DOE calculates the 

national annual site energy consumption by multiplying the number or stock of the product (by 

vintage) by its unit energy consumption (also by vintage). National annual energy consumption 

is calculated using the following equation: 

 

𝐴𝐸𝐶 𝑠𝑦,𝑝 = ∑ 𝑆𝑇𝑂𝐶𝐾𝑦,𝑝,𝑘 × 𝑈𝐸𝐶𝑝,𝑘

𝑘∈𝑝

 

Eq. 10.1 

 

 Where:  

 

 AEC-sy,p =  annual national site energy consumption in year y of ceiling fan product 

class p 

STOCKy,p,k =  stock of product p at EL k present in year y,  

UECp,k  =  average annual energy consumption of product class p at EL k, 

 

 The stock of a product depends on annual shipments computed during the shipments 

analysis and the lifetime of the product. As described in chapter 9 of this TSD, DOE projected 

product shipments under the no-new-standards case and standards cases. To avoid including 

savings attributable to shipments displaced (units not purchased) because of standards, DOE 

adjusted the no-new-standards case stock so that total stock of each product class in any year is 

equivalent to that in the standards case. 

 

 AEC can be summed in each year to derive national energy consumption in each year of 

each standards case across all product classes. National Site energy savings can then be 

calculated as the difference between no-new-standards and standards-case AEC projections: 
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𝑁𝐸𝑆𝑦 = (𝐴𝐸𝐶 − 𝑠𝑏𝑎𝑠𝑒,𝑦 − 𝐴𝐸𝐶 − 𝑠𝑠𝑡𝑑,𝑦) 

Eq. 10.2 

Where: 

𝑁𝐸𝑆𝑦  =   national site energy savings in year 𝑦, 

𝐴𝐸𝐶 − 𝑠𝑛𝑜 𝑠𝑡𝑑,𝑦 =  no-standards case annual site national energy consumption for all 

affected stock in year 𝑦  

𝐴𝐸𝐶 − 𝑠𝑠𝑡𝑑,𝑦 =  standards case annual national site energy consumption for all 

affected stock in year 𝑦 

  

 

 DOE applies time-dependent conversion factors to site energy savings to calculate 

primary NES and to primary energy savings to calculate FFC NES. For each savings quantity, 

cumulative savings over the analysis period can be calculated by summing savings over analysis 

years.  

10.2.2 Shipments and Product Stock 

 As described in chapter 9, DOE forecasted shipments of ceiling fans under the no-new-

standard case and all standards cases. Because the increased total installed cost of more efficient 

products may cause some customers to forego purchasing the product, shipments forecasted 

under the standards cases were projected to be lower than under the no-new-standards case. DOE 

believes it would be inappropriate to count energy savings that result from a decline in shipments 

because of standards. Therefore, when calculating site energy savings DOE adjusted the total 

affected stock in the no-new-standards case to be the same as that in each standards-case. 

 

 The product stock in a given year is the number of products shipped from earlier years 

that survive in that year. The shipments model, which feeds into the NIA, tracks the number of 

units shipped each year. DOE assumes that products have an increasing probability of retiring as 

they age. The probability of survival as a function of years since purchase is called the survival 

function. Chapter 9 of this TSD provides additional details on the survival function that DOE 

used for ceiling fans.   

10.2.3 Site-to-Primary Energy Conversion Factor 

 The site-to-primary energy conversion factor is a multiplicative factor used to convert site 

energy consumption and savings into primary or source energy consumption and savings. For 

electricity from the grid, primary energy consumption is equal to the heat content of the fuels 

used to generate that electricity.a 

 

 
a For electricity sources such as nuclear energy and renewable energy, the primary energy is calculated using the 

convention used by EIA (see appendix 10B). 
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 DOE used annual conversion factors based on the version of the National Energy 

Modeling System (NEMS)b that corresponds to AEO 2021.1 The factors are marginal values, 

which represent the response of the national power system to incremental changes in 

consumption. The conversion factors change over time in response to projected changes in 

generation sources (the types of power plants projected to provide electricity). Specific 

conversion factors were generated from NEMS for a number of end uses in each sector. 

Appendix 10B describes how DOE derived these factors. 

 

Table 10.2.1 shows the conversion factors used for ceiling fans. DOE used the factors 

corresponding to space cooling in the residential, commercial, and industrial sectors. 

 

 

Table 10.2.1 Site-to-Primary Conversion Factors (MMBtu primary/MWh site) Used for 

Ceiling Fans  

 2025 2030 2035 2040 2045 2050+ 

Residential       
Space Cooling 9.397 9.146 9.133 9.080 9.026 9.001 

Commercial       
Space Cooling 9.378 9.125 9.111 9.058 9.005 8.979 

Industrial       
All Uses 9.389 9.161 9.162 9.111 9.062 9.042 

10.2.4 Full-Fuel-Cycle Multipliers  

 DOE uses an FFC multiplier to account for the energy consumed in extracting, 

processing, and transporting or distributing primary fuels, which are referred to as upstream 

activities. DOE developed FFC multipliers using data and projections generated for AEO 2021. 

AEO 2021 provides extensive information about the energy system, including projections of 

future oil, natural gas, and coal supplies; energy use for oil and gas field and refinery operations; 

and fuel consumption and emissions related to electric power production. The information can be 

used to define a set of parameters that represent the energy intensity of energy production. 

  

 The method used to calculate FFC energy multipliers is described in appendix 10B of this 

TSD. The multipliers are applied to primary energy consumption. Table 10.2.2 shows the FFC 

energy multipliers for selected years.  

 

Table 10.2.2 Full-Fuel-Cycle Energy Multipliers for Electricity (based on AEO 2021) 

Year 2025 2030 2035 2040 2045 2050+ 

Multiplier 1.042 1.039 1.038 1.037 1.038 1.037 

 

 
b For more information on NEMS, refer to the U.S. Department of Energy, Energy Information Administration 

documentation. A useful summary is National Energy Modeling System: An Overview 2000, DOE/EIA-

0581(2000), March 2000. EIA approves use of the name NEMS to describe only an official version of the model 

with no modification to code or data. 
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10.3 NET PRESENT VALUE   

10.3.1 Definition  

The NPV is the value in the present of a time-series of costs and savings. The NPV is 

described by the equation: 

PVCPVSNPV _=
 

Eq. 10.3 

Where: 

 

PVS  = present value of operating cost savings,c and  

PVC    = present value of increased total installed costs (purchase price and any 

installation costs).  

 

 DOE determines the PVS and PVC according to the following expressions. 

 

∑ yy DFOCSPVS =  

Eq. 10.4 

∑ yy DFTICPVC =
 

Eq. 10.5 

Where:  

 

OCSy =  total annual savings in operating costs summed over vintages of stock present 

in year y; 

DFy   = discount factor in year y; 

TICy   = total annual increases in installed cost summed over vintages of the stock 

present in year y; and 

 

 DOE calculated the total annual consumer savings in operating costs by multiplying the 

number or stock of the product (by vintage) by its per-unit operating cost savings (also by 

vintage). As in computing site national energy savings, DOE used total standards-case stock to 

compute operating cost savings. DOE calculated the total annual increases in consumer product 

price by multiplying the number or shipments of the product (by vintage) by its per-unit increase 

in consumer cost (also by vintage). DOE used standards-case shipments to compute the increase 

in total installed costs in order to avoid lessening the apparent TIC. Total annual operating cost 

savings and total annual product installed cost increases are calculated by the following 

equations. 

 

  

𝑂𝐶𝑆𝑦  =  𝑁𝐸𝑆𝑦 × 𝑀𝐸𝑃𝑦 

Eq. 10.6 

 
c The operating cost includes energy, water (if relevant), repair, and maintenance. 
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𝑇𝐼𝐶𝑦,𝑝  =  ∑(𝑆ℎ𝑖𝑝𝑦,𝑝,𝑘
𝑆𝑡𝑑 − 𝑆ℎ𝑖𝑝𝑦,𝑝,𝑘

𝑁𝑁𝑆 ) × 𝐼𝐶𝑦,𝑝,𝑘

𝑘∈𝑝

 

 
 

Eq. 10.7 

Where: 

 OCSy   =  operating cost savings in year y, 

 MEPy =  marginal electricity price in year y, 

 TICy,p   =  total increase in installed product cost in year y of product p, 

 SHIPy,p,k  =  shipments of product p at efficiency level k in year y in the standards or 

no-new-standards case; and 

 ICy,p,k   =  Total fan installed cost of efficiency class k of product class p in year y 

 

 DOE determined the total increased product cost for each year from 2027 to 2056. DOE 

determined the present value of operating cost savings for each year from 2027 to the year when 

all units purchased in 2056 are estimated to retire (2086). Operating cost savings are computed as 

a product of NES and marginal electricity price in a given year, while the total increase in 

installed costs are computed as a difference between total installed costs in the standards and no-

new-standards cases. In order to avoid counting a reduction in shipments against total installed 

cost increases, DOE adjusted total no-new-standards case shipments of each product class in 

each year to be equal to the total in the standards case. 

 

 DOE developed a discount factor from the national discount rate and the number of years 

between the “present” (year to which the sum is being discounted) and the year in which the 

costs and savings occur.   

10.3.2 Discount Factor 

 DOE multiplies monetary values in future years (both operating costs savings and 

increases in total equipment cost) by a discount factor to determine present values. The discount 

factor (DF) is described by the equation: 

 

)( _

)1(

1

pyy
r

DF
+

=    

Eq. 10.8 

Where: 

r   = discount rate,  

y  = year of the monetary value, and  

yP   = year in which the present value is being determined. 

 

 DOE uses both a 3-percent and a 7-percent real discount rate when estimating national 

impacts. Those discount rates were applied in accordance with the Office of Management and 

Budget (OMB)’s guidance to Federal agencies on developing regulatory analyses (OMB Circular 

A-4, September 17, 2003, and section E., “Identifying and Measuring Benefits and Costs,” 

therein). DOE defined the present year as 2021. 
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10.3.3 Present Value of Increased Installed Costs and Savings 

 The present value of increased installed costs is the annual increase in installed cost for 

each year (i.e., the difference between the standards case and no-new-standards), discounted to 

the present and summed over the forecast period (2027-2056). The increase in total installed cost 

refers to product costs associated with the higher energy efficiency of products purchased under 

a standards case compared to the no-new-standards case.d DOE calculated annual increases in 

installed cost according to Eq. 10.7. In each year and for each product class, DOE adjusted the 

total no-new-standards case shipments to be equal to the total standards case shipments in order 

to avoid counting a reduction in shipments volumes against higher ceiling fan costs. 

 

 The present value of operating cost savings is the annual savings in operating cost (see 

Eq. 10.6), discounted to the present and summed over the period that begins with the expected 

compliance date of potential standards and ends when the last installed unit is retired from 

service. Savings represent decreases in operating costs associated with the higher energy 

efficiency of products purchased in a standards case compared to the no-new-standards case. 

Because a product consumes energy throughout its lifetime, the energy consumption for units 

installed in a given year includes energy consumed until the unit is retired from service. 

10.4 RESULTS  

10.4.1 National Energy Savings  

 This section provides NES results that DOE calculated for each CSL analyzed for ceiling 

fans. NES results are shown as savings in both primary and FFC energy. Because DOE based the 

inputs to the NIA model on average values derived from LCC distributions, results are discrete 

point values, rather than a distribution of values as produced by the life-cycle cost and payback 

period analysis. Table 10.4.1 shows NES values at each CSL for each analyzed product class. 

Because the energy consumption at each speed was identical for Standard and Hugger fans at EL 

3 and 4, savings at CSLs 4 and 5 are identical. 

  

 

 
d For the NIA, DOE excludes sales tax from the product cost, because sales tax is essentially a transfer and therefore 

is more appropriate to include when estimating consumer benefits. 
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Table 10.4.1 National Energy Savings by CSL over 30 years of shipments (2027-2056), in 

quadrillion BTUs (Quads) 

NES 
Product 

Class 

Candidate Standard Level 

1 2 3 4 5 

Source 

NES 

Hugger 0.00 0.55 1.14 2.17 2.17 

Large-

Diameter – 

High Airflow 

0.03 0.03 0.03 0.06 0.06 

Large-

Diameter – 

Low Airflow 

0.02 0.02 0.02 0.03 0.03 

Standard 0.00 0.27 0.66 1.14 1.14 

VSD 0.01 0.01 0.01 0.01 0.01 

Total 0.05 0.88 1.86 3.40 3.40 

FFC 

NES 

Hugger 0.00 0.58 1.19 2.25 2.25 

Large-

Diameter – 

High Airflow 

0.03 0.03 0.03 0.06 0.06 

Large-

Diameter – 

Low Airflow 

0.02 0.02 0.02 0.03 0.03 

Standard 0.00 0.28 0.69 1.18 1.18 

VSD 0.01 0.01 0.01 0.01 0.01 

Total 0.05 0.91 1.93 3.53 3.53 

10.4.2 Net Present Value  

 This section provides results of calculating the NPV of consumer benefits for each CSL 

considered for ceiling fans. Results, which are cumulative, are shown as the discounted value of 

the net savings in dollar terms. DOE based the inputs to the NIA model on weighted-average 

values, yielding results that are discrete point values, rather than a distribution of values as in the 

LCC and payback period analysis. 

 

 Figure 10.4.1 shows the non-discounted NPV over time at each CSL. A sudden increase 

at the end of the shipments projection period is due to the disappearance of increased equipment 

costs in the calculation at that time, since shipments are projected only as far as 2056. At the 

beginning of the analysis period, before savings in national operating costs outweigh increases in 

purchase price, NPV is negative. Because the cost and power consumption of EL 3 and 4 

standard & hugger fans are identical, CSL 4 and 5 have the same NPV. 
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Figure 10.4.1 Undiscounted NPV (Billions of $2021) over the analysis period at each CSL 

 

 Table 10.4.2 shows the results of calculating the NPV for the CSLs analyzed for ceiling 

fans, at both a 3-percent and a 7-percent discount rate.  

 

Table 10.4.2 Net Present Value across CSLs over 30 years of shipments (2027-2056) 

(Billions of $2021) 

 

Discount 

Rate 
Product Class 

Candidate Standard Level 

1 2 3 4 5 

3 % 

Hugger 0.00 3.01 6.27 13.36 13.36 

Large-Diameter 

– High Airflow 
0.09 0.09 0.09 0.16 0.16 

Large-Diameter 

– Low Airflow 
0.08 0.08 0.08 0.12 0.12 

Standard 0.00 1.36 3.41 6.68 6.68 

VSD 0.04 0.04 0.04 0.04 0.04 

Total 0.21 4.58 9.90 20.36 20.36 

7 % 

Hugger 0.00 1.09 2.29 5.26 5.26 

Large-Diameter 

– High Airflow 
0.03 0.03 0.03 0.05 0.05 

Large-Diameter 

– Low Airflow 
0.03 0.03 0.03 0.04 0.04 

Standard 0.00 0.48 1.22 2.59 2.59 

VSD 0.02 0.02 0.02 0.02 0.02 

Total 0.08 1.65 3.59 7.96 7.96 
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CHAPTER 11.  CUSTOMER SUBGROUP ANALYSIS 

11.1 METHODOLOGY 

 The customer subgroup analysis evaluates impacts on any identifiable groups or 

customers who may be disproportionately affected by a national energy conservation standard. 

DOE will conduct this analysis as one of the analyses for the notice of proposed rulemaking 

(NOPR). DOE will accomplish this, in part, by analyzing the life-cycle costs (LCCs) and 

payback periods (PBPs) for those customers that fall into any identifiable groups. DOE plans to 

evaluate variations in regional energy prices, variations in energy use, and variations in 

installation costs that might affect the net present value of a standard to customer subpopulations. 

To the extent possible, DOE will obtain estimates of each input parameter’s variability and will 

consider this variability in its calculation of customer impacts.  

 DOE will determine the impact on customer subgroups using the LCC Python model, 

which allows for different data inputs. The standard LCC analysis (described in Chapter 8) 

focuses on the customers that use ceiling fans. DOE can use the LCC Python model to analyze 

the LCC for any subgroup by sampling only that subgroup or applying subgroup-specific inputs. 

(Chapter 8 explains in detail the inputs to the model used in determining LCC and PBPs.)  
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CHAPTER 12. PRELIMINARY ANALYSIS MANUFACTURER IMPACT ANALYSIS 

12.1 INTRODUCTION 

The purpose of the manufacturer impact analysis (“MIA”) is to identify and quantify the 

impacts of any potential new and/or amended energy conservation standards on manufacturers. 

The Process Rule provides guidance for conducting this analysis with input from manufacturers 

and other interested parties.1 The U.S. Department of Energy (“DOE”) will apply this 

methodology to its evaluation of any energy conservation standards for ceiling fan products. 

DOE will consider a wide range of quantitative and qualitative industry impacts. For example, a 

particular standard level could require changes to manufacturing practices, production 

equipment, raw materials, etc. DOE will identify and analyze these manufacturer impacts during 

the notice of proposed rulemaking (“NOPR”) stage of the analysis. 

DOE announced changes to the MIA format through a report issued to Congress in 

January 2006 entitled “Energy Conservation Standards Activities.” (as required by section 141 of 

the Energy Policy Act of 2005 (“EPACT 2005”))2 Previously, DOE did not report any MIA 

results before the NOPR phase; however, under this new format, DOE collects, evaluates, and 

reports preliminary information and data. 

12.2 METHODOLOGY 

DOE conducts the MIA in three phases, and further tailors the analytical framework 

based on the comments it receives. In Phase I, DOE creates an industry profile to characterize the 

industry and identify important issues that require consideration. In Phase II, DOE prepares an 

industry cash-flow model and considers what information it might gather in manufacturer 

interviews. In Phase III, DOE interviews manufacturers and assesses the impacts of standards 

both quantitatively and qualitatively. DOE assesses industry and subgroup cash flows and 

industry net present value (“INPV”) using the Government Regulatory Impact Model (“GRIM”). 

DOE then assesses impacts on competition, manufacturing capacity, employment, and 

cumulative regulatory burden. 

12.2.1 Phase I: Industry Profile 

In Phase I of the MIA, DOE collects pertinent qualitative and quantitative information 

about the market and manufacturer financials. This includes research and development (“R&D”) 

expenses; selling, general, and administrative (“SG&A”) expenses; capital expenditures; 

property, plant, and equipment expenses; tax rate; and depreciation rate for ceiling fan 

manufacturers, as well as wages, employment, and industry costs for ceiling fans. Sources of 

 

1 On December 13, 2021 the Department of Energy published a Process Rule clarifying the procedures used to 

evaluate the economic justification of new or amended energy conservation standards. 86 FR 70892. 
2 This report is available on the DOE website at 

www1.eere.energy.gov/buildings/appliance_standards/pdfs/congressional_report_013106.pdf 

https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/congressional_report_013106.pdf
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information include reports published by industry groups, trade journals, the U.S. Census 

Bureau, and Securities Exchange Commission (“SEC”) 10-K filings, as well as prior DOE 

rulemakings related to ceiling fans. The initial estimates of financial parameters are presented in 

section 12.3.1. 

In addition, DOE develops a comprehensive manufacturer list, develops market share 

estimates, and evaluates consolidation trends, as presented in the market and technology 

assessment. Characterizations of the current product offerings and market efficiency distributions 

are presented in the engineering analysis and shipment analysis.  

12.2.2 Phase II: Industry Cash Flow Analysis and Interview Guide 

Phase II activities occur after publication of the preliminary analysis. In Phase II, DOE 

performs a preliminary industry cash-flow analysis and prepares an interview guide for 

manufacturer interviews, if conducted. 

12.2.2.1 Industry Cash Flow Analysis 

DOE uses the GRIM to analyze the financial impacts of potential new and/or amended 

energy conservation standards. The implementation of these standards may require manufacturer 

investments, raise manufacturer production costs (“MPCs”), and/or affect revenue possibly 

through higher prices and lower shipments. The GRIM uses a suite factors to determine annual 

cash flows for the years leading up to the compliance date of new and/or amended energy 

conservation standards and for 30 years after implementation. These factors include industry 

financial parameters, annual expected revenues, costs of goods sold, SG&A expenses, taxes, and 

capital expenditures. Inputs to the GRIM include financial information, MPCs, shipment 

forecasts, and price forecasts developed in other analyses. Financial parameters are based on 

publicly available data and any confidentially submitted manufacturer information. DOE 

compares the GRIM results for potential standard levels against the results for the no-new-

standards case, in which energy conservation standards are not established and/or amended. The 

financial impact of analyzed new and/or amended energy conservation standards is the difference 

between the two sets of discounted annual cash flows. 

12.2.2.2 Interview Guide 

When feasible, DOE conducts interviews with manufacturers to gather information on the 

effects new and/or amended energy conservation standards could have on revenues and finances, 

direct employment, capital assets, and industry competitiveness. These interviews take place 

during Phase III of the MIA. Before the interviews, DOE distributes an interview guide that will 

help identify the impacts of potential standard levels on individual manufacturers or subgroups 

of manufacturers within the ceiling fan industry. The interview guide covers financial 

parameters, MPCs, shipment projections, market share, product mix, conversion costs, markups 

and profitability, assessment of the impact on competition, manufacturing capacity, and other 

relevant topics. 
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12.2.3 Phase III: Industry and Subgroup Analysis 

Phase III activities occur after publication of the preliminary analysis. These activities 

include manufacturer interviews, if conducted; revision of the industry cash flow analysis; 

manufacturer subgroup analyses, where appropriate; an assessment of the impacts on industry 

competition, manufacturing capacity, direct employment, and the cumulative regulatory burden; 

and other qualitative impacts. 

12.2.3.1 Manufacturer Interviews 

DOE supplements the information gathered in Phase I and the cash-flow analysis 

constructed in Phase II with information gathered through interviews with manufacturers and 

written comments from stakeholders during Phase III.  

DOE conducts detailed interviews with manufacturers to gain insight into the potential 

impacts of any new and/or amended energy conservation standards on sales, direct employment, 

capital assets, and industry competitiveness. Generally, interviews are scheduled well in advance 

to provide every opportunity for key individuals to be available for comment. Although a written 

response to the questionnaire is acceptable, DOE prefers interactive interviews, if possible, 

which help clarify responses and provide the opportunity to identify additional issues. 

A non-disclosure agreement allows DOE to consider confidential or sensitive information 

in the decision-making process. Confidential information, however, is not made available in the 

public record. At most, sensitive or confidential information may be aggregated and presented in 

the form of industry-wide representations. 

12.2.3.2 Revised Industry Cash Flow Analysis 

During interviews, DOE requests information about profitability impacts, necessary plant 

changes, and other manufacturing impacts. Following any such interviews, DOE revises the 

preliminary cash-flow prepared in Phase II based on the feedback it receives during interviews. 

12.2.3.3 Manufacturer Subgroup Analysis 

The use of average cost assumptions to develop an industry cash flow estimate may not 

adequately assess differential impacts of potential new and/or amended energy conservation 

standards among manufacturer subgroups. Smaller manufacturers, niche players, and 

manufacturers exhibiting a cost structure that differs largely from the industry average could be 

more negatively or positively affected. DOE customarily uses the results of the industry 

characterization to group manufacturers with similar characteristics. When possible, DOE 

discusses the potential subgroups that have been identified for the analysis in manufacturer 

interviews. DOE asks manufacturers and other interested parties to suggest what subgroups or 

characteristics are most appropriate for the analysis. One subgroup commonly identified is small 

business manufacturers.  
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12.2.3.4 Competitive Impact Assessment 

EPCA directs DOE to consider the impact of any lessening of competition, as determined 

in writing by the Attorney General, that is likely to result from a proposed standard. (42 U.S.C. 

6295(o)(2)(B)(i)(V)) It also directs the Attorney General to determine the impact, if any, of any 

lessening of competition likely to result from a proposed standard and to transmit such 

determination to the Secretary within 60 days of the publication of a proposed rule, together with 

an analysis of the nature and extent of the impact. (42 U.S.C. 6295(o)(2)(B)(ii)) Furthermore, as 

part of the MIA, DOE evaluates the potential impact of standards to create asymmetric cost 

increases for manufacturer sub-groups, shifts in competition due to proprietary technologies, and 

business risks due to limited supplier availability or raw material constraints. 

12.2.3.5 Manufacturing Capacity Impact 

One of the potential outcomes of new and/or amended energy conservation standards is 

the obsolescence of existing manufacturing assets, including tooling and other investments. The 

manufacturer interview guide has a series of questions to help identify impacts on manufacturing 

capacity, specifically capacity utilization and plant location decisions in the U.S. with and 

without new and/or amended energy conservation standards; the ability of manufacturers to 

upgrade or remodel existing facilities to accommodate the new requirements; the nature and 

value of any stranded assets; and estimates for any one-time restructuring or other charges, 

where applicable. 

12.2.3.6 Direct Employment Impacts 

The impact of potential new and/or amended energy conservation standards on direct 

employment is an important consideration in DOE’s analysis. Manufacturer interviews aid in 

assessing how domestic employment patterns might be impacted by new and/or amended energy 

conservation standards. Typically, the interview guide contains a series of questions that are 

designed to explore current employment trends in the ceiling fan industry and to solicit 

manufacturers’ views on changes in direct employment patterns that may result from either new 

or increased standard levels. These questions focus on current employment levels at production 

facilities, expected future direct employment levels with and without changes in energy 

conservation standards, differences in workforce skills, and employee retraining. 

12.2.3.7 Cumulative Regulatory Burden 

DOE seeks to mitigate the overlapping effects on manufacturers of potential new and/or 

amended energy conservation standards and other Federal regulatory actions affecting the same 

products/equipment or companies within a short timeframe. DOE analyzes and considers the 

impact of multiple, product-specific regulatory actions on manufacturers. 
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12.3 PRELIMINARY FINDINGS  

The following section summarizes information gathered for the preliminary MIA that are 

not already presented in the market and technology analysis, engineering analysis, or shipments 

analysis. 

 

12.3.1 Initial Financial Parameters 

While DOE identified 13 publicly traded manufacturers of ceiling fans covered by this 

ruling, however none of these firms generate the majority of their revenue from the sale of 

ceiling fans. Accordingly, DOE chose to begin the analysis of industry financial parameters with 

values used in the January 2017 Final Rule.3 The January 2017 Final Rule financial parameters 

were vetted by multiple manufacturers in confidential interviews and went through public notice 

and comment. The results for ceiling fans are the most robust product-specific estimates that are 

publicly available. DOE noted that tax rates estimates from before 2018 are not relevant for 

modeling future cash-flows due to the Tax Cuts and Jobs Act of 2017,4 which was signed into 

law in December 2017 and changed the maximum Federal corporate tax rate from 35 percent to 

21 percent. Table 12.3.1 below shows the financial parameter that were used in the January 2017 

Final Rule. DOE will further refine these initial estimates using feedback from manufacturer and 

public comments. 

Table 12.3.1 Initial Financial Metrics  
Financial Metric Initial Estimate 

Tax Rate (% of Taxable Income)5 21.0 

Working Capital (% of Revenue) 16.9 

SG&A (% of Revenue) 17.3 

R&D (% of Revenues) 2.0 

Depreciation (% of Revenues) 3.6 

Capital Expenditures (% of Revenues) 3.6 

Net Property, Plant, and Equipment (% of Revenues) 5.4 

The manufacturer selling price (“MSP”) is the price manufacturers charge their first 

customers. The MSP equals the MPC multiplied by the manufacturer markup. The manufacturer 

markup covers all ceiling fan manufacturer’s non-production costs (e.g., SG&A, R&D, and 

interest) and profit. The MSP is different from the cost the end-user pays because there are 

additional markups from entities along the distribution chain between the manufacturer and the 

end-user.  

 

3 82 FR 6826 (January 19, 2017). 
4 www.congress.gov/115/bills/hr1/BILLS-115hr1enr.pdf 
5 The tax rate used in the January 2017 Final Rule was 35.2 percent. 

http://www.congress.gov/115/bills/hr1/BILLS-115hr1enr.pdf
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DOE considered the manufacturer markups used in the January 2017 Final Rule to be the 

most robust product-specific data available. DOE estimated the industry average manufacturer 

markup for the analyzed ceiling fans to be 1.37. 

12.3.2 Manufacturer Subgroups 

DOE performed a preliminary investigation into small business manufacturers as a 

subgroup for consideration in subsequent stages of the ceiling fan rulemaking. DOE relied on the 

Small Business Association (“SBA”) size standards for determining the threshold for an entity to 

be a small business. The SBA size standards are set based on the North American Classification 

System (“NAICS”) code. For NAICS code 335210, described as “small electrical appliance 

manufacturing,” the size threshold is 1500 employees for an entity to be a small business. The 

size threshold is based on enterprise-wide employment, which includes enterprise subsidiaries 

and branches, as well as unrelated establishments of the parent company.  

DOE identified 26 potential companies that meet the SBA definition of a small 

businesses and that manufacture ceiling fans in the United States. DOE will continue its 

investigation of small business manufacturers in future phases of the MIA through manufacturer 

interviews and the notice and comment process. 

12.3.3 Cumulative Regulatory Burden 

While any one regulation may not impose a significant burden on manufacturers, the 

combined effects of several impending regulations may have significant consequences for 

individual manufacturers, groups of manufacturers, or entire industries. In the cumulative 

regulatory burden analysis, DOE considers expenditures associated with meeting other Federal, 

product-specific regulations that occur within the cumulative regulatory burden analysis 

timeframe. The cumulative regulatory burden analysis timeframe is a seven-year period that 

covers the three years before the compliance year, the compliance year, and the three years after 

the compliance year of any new and/or amended energy conservation standards for ceiling fans.  

In the MIA’s Phase III (as described in section 12.2.3 of this TSD), which is conducted 

prior to the NOPR publication, manufacturer interviews help DOE identify potential 

opportunities to coordinate regulatory actions in a manner that mitigates cumulative impacts, 

such as multiple successive redesigns of the same products with a short period of time. Some 

ceiling fan manufacturers might produce other products or equipment that are regulated by other 

DOE energy conservation standards. The exact regulations contributing to cumulative regulatory 

burden will be determined once a compliance date is proposed in the NOPR phase of the energy 

conservation standards rulemaking. 
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CHAPTER 13.   EMISSIONS IMPACT ANALYSIS 

 

 

13.1 OVERVIEW 

The U.S. Department of Energy (DOE) conducts an emissions analysis for the notice of 

proposed rulemaking (NOPR) stage should DOE determine to issue a NOPR. In the emissions 

analysis, DOE estimates the reduction in power sector combustion emissions of carbon dioxide 

(CO2), nitrogen oxides (NOX), sulfur dioxide (SO2), mercury (Hg), methane (CH4) and nitrous 

oxide (N2O) from potential energy conservation standards for the considered products, as well as 

emissions at the building site if applicable. In addition, DOE estimates emissions impacts in 

production activities (extracting, processing, and transporting fuels) that provide the energy 

inputs to power plants and for site combustion. These are referred to as “upstream” emissions. 

Together, these emissions account for the full-fuel-cycle (FFC). In accordance with DOE’s FFC 

Statement of Policy (76 FR 51282 (August 18, 2011)), the FFC analysis includes impacts on 

emissions of methane and nitrous oxide, both of which are recognized as greenhouse gases.  

 

DOE conducts the emissions analysis using marginal emissions factors that are primarily 

derived from data in the latest version of the Energy Information Administration’s (EIA’s) 

Annual Energy Outlook (AEO), supplemented by data from other sources. EIA prepares the AEO 

using the National Energy Modeling System (NEMS).a Each annual version of NEMS 

incorporates the projected impacts of existing air quality regulations on emissions.  

Site emissions of CO2 and NOX are estimated using emissions intensity factors from a 

publication of the Environmental Protection Agency (EPA).1 Combustion emissions of CH4 and 

N2O are estimated using emissions intensity factors published by the EPA GHG Emissions 

Factors Hub.b The FFC upstream emissions are estimated based on the methodology developed 

by Coughlin (2013).2 The upstream emissions include both emissions from fuel combustion 

during extraction, processing and transportation of fuel, and “fugitive” emissions (direct leakage 

to the atmosphere) of CH4 and CO2.   

 
 
 
 

 

  

 
a For more information about NEMS, please refer to the U.S. Department of Energy, Energy Information 

Administration documentation. A useful summary is National Energy Modeling System: An Overview 2009, 

DOE/EIA-0581 (October 2009), available at: https://www.eia.gov/outlooks/aeo/nems/overview/pdf/0581(2009).pdf  
b https://www.epa.gov/sites/production/files/2016-09/documents/emission-factors_nov_2015_v2.pdf 

 

 

https://www.eia.gov/outlooks/aeo/nems/overview/pdf/0581(2009).pdf
https://www.epa.gov/sites/production/files/2016-09/documents/emission-factors_nov_2015_v2.pdf
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CHAPTER 14.   MONETIZATION OF EMISSIONS REDUCTIONS BENEFITS 

 

 

 OVERVIEW 

The U.S. Department of Energy (DOE) estimates the monetary benefits associated with the 

reduced emissions of carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulfur dioxide 

(SO2), and nitrogen oxides (NOX) that are expected to result from the considered standard levels 

in the notice of proposed rulemaking (NOPR) stage, should DOE determine to issue a NOPR. To 

make this calculation similar to the calculation of the net present value of consumer benefit, 

DOE considers the reduced emissions expected to result over the lifetime of products shipped in 

the projection period for each standard level.  

  

 DOE estimates the monetized benefits of the reductions in emissions of CO2, CH4, and 

N2O by using a measure of the social cost (“SC”) of each pollutant. These estimates represent the 

monetary value of the net harm to society associated with a marginal increase in emissions of 

these pollutants in a given year, or the benefit of avoiding that increase. These estimates are 

intended to include (but are not limited to) climate-change-related changes in net agricultural 

productivity, human health, property damages from increased flood risk, disruption of energy 

systems, risk of conflict, environmental migration, and the value of ecosystem services.  

 

DOE uses the estimates for the social cost of greenhouse gases (“SC-GHG”) from the 

most recent update of the Interagency Working Group on Social Cost of Greenhouse Gases, 

United States Government (“IWG”) working group, from “Technical Support Document: Social 

Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990.” 

(February 2021 TSD). DOE has determined that the estimates from the February 2021 TSD, as 

described more below, are based upon sound analysis and provide well founded estimates for 

DOE's analysis of the impacts of related to the reductions of emissions anticipated from the 

proposed rule. 

The SC-GHG estimates in the February 2021 TSD are interim values developed under 

Executive Order (E.O.) 13990 for use until an improved estimate of the impacts of climate 

change can be developed based on the best available science and economics. The SC-GHG 

estimates used in this analysis were developed over many years, using a transparent process, 

peer-reviewed methodologies, the best science available at the time of that process, and with 

input from the public. Specifically, an IWG that included DOE, the EPA and other executive 

branch agencies and offices used three integrated assessment models (“IAMs”) to develop the 

SC-CO2 estimates and recommended four global values for use in regulatory analyses. Those 

estimates were subject to public comment in the context of dozens of proposed rulemakings as 

well as in a dedicated public comment period in 2013. 

The SC-CO2 estimates were first released in February 2010 and updated in 2013 using 

new versions of each IAM. In 2015, as part of the response to public comments received to a 

2013 solicitation for comments on the SC-CO2 estimates, the IWG announced a National 

Academies of Sciences, Engineering, and Medicine review of the SC-CO2 estimates to offer 
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advice on how to approach future updates to ensure that the estimates continue to reflect the best 

available science and methodologies. In January 2017, the National Academies released their 

final report, Valuing Climate Damages: Updating Estimation of the Social Cost of Carbon 

Dioxide, and recommended specific criteria for future updates to the SC-CO2 estimates, a 

modeling framework to satisfy the specified criteria, and both near-term updates and longer-term 

research needs pertaining to various components of the estimation process (National Academies 

2017). On January 20, 2021, President Biden issued Executive Order 13990, which directed the 

IWG to ensure that the U.S. Government’s (USG) estimates of the SC-CO2 social cost of carbon 

and other greenhouse gases reflect the best available science and the recommendations of the 

National Academies (2017). The IWG was tasked with first reviewing the estimates currently 

used by the USG and publishing interim estimates within 30 days of E.O. 13990 that reflect the 

full impact of GHG emissions, including taking global damages into account, which resulted in 

the issuance of the February 2021 TSD. More information on the basis for the IWG's interim 

values may be found in the IWG's Technical Support Document.a 

 To estimate the monetary value of reduced NOX and SO2 emissions from electricity 

generation attributable to the standard levels it considers, DOE uses benefit-per-ton estimates 

derived from analysis conducted by the EPA. For NOX and SO2 emissions from combustion at 

the site of product use, DOE uses another set of benefit-per-ton estimates published by the EPA. 

 
a See Interagency Working Group on Social Cost of Greenhouse Gases, Technical Support Document: Social Cost 

of Carbon, Methane, and Nitrous Oxide. Interim Estimates Under Executive Order 13990, Washington, D.C., 

February 2021. 

https://www.whitehouse.gov/wpcontent/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethane

NitrousOxide.pdf?source=email 

https://www.whitehouse.gov/wpcontent/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf?source=email
https://www.whitehouse.gov/wpcontent/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf?source=email
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CHAPTER 15.   UTILITY IMPACT ANALYSIS 

 

15.1 OVERVIEW 

The U.S. Department of Energy (DOE) analyzes the changes in electric installed capacity 

and power generation that result for each considered trial standard level for the notice of 

proposed rulemaking (NOPR) stage should DOE determine to issue a NOPR.  

The utility impact analysis is based on output of the DOE/Energy Information 

Administration (EIA)’s National Energy Modeling System (NEMS).1 NEMS is a public domain, 

multi-sectored, partial equilibrium model of the U.S. energy sector. Each year, DOE/EIA uses 

NEMS to produce an energy forecast for the United States, the Annual Energy Outlook (AEO). 

The EIA publishes a reference case, which incorporates all existing energy-related policies at the 

time of publication, and a variety of side cases which analyze the impact of different policies, 

energy price and market trends.  

DOE’s methodology is based on results published for the most recent Annual Energy 

Outlook (AEO) Reference case, as well as a number of side cases that estimate the economy-

wide impacts of changes to energy supply and demand. DOE estimates the marginal impacts of 

reduction in energy demand on the energy supply sector. In principle, marginal values should 

provide a better estimate of the actual impact of energy conservation standards. DOE uses the 

side cases to estimate the marginal impacts of reduced energy demand on the utility sector. These 

marginal factors are estimated based on the changes to electricity sector generation, installed 

capacity, fuel consumption and emissions in the AEO Reference case and various side cases. The 

methodology is described in more detail in K. Coughlin, “Utility Sector Impacts of Reduced 

Electricity Demand.”2,3  

The output of this analysis is a set of time-dependent coefficients that capture the change 

in electricity generation, primary fuel consumption, installed capacity and power sector 

emissions due to a unit reduction in demand for a given end use. These coefficients are 

multiplied by the stream of electricity savings calculated in the NIA to provide estimates of 

selected utility impacts of new or amended energy conservation standards. 
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CHAPTER 16.   EMPLOYMENT IMPACT ANALYSIS 

 

16.1 OVERVIEW 

Energy conservation standards can impact employment both directly and indirectly. Direct 

employment impacts are changes in the number of employees at the plants that produce the 

covered product resulting from standards, and are evaluated in the manufacturer impact analysis, 

as described in chapter 12 of this Technical Support Document. The employment impact analysis 

described in this chapter covers indirect employment impacts which may result from 

expenditures shifting between goods (the substitution effect) and changes in income and overall 

expenditure levels (the income effect) that occur due to the implementation of standards. The 

U.S. Department of Energy (DOE) conducts this analysis in the notice of proposed rulemaking 

(NOPR) stage should DOE determine to issue a NOPR. 

DOE expects new or amended energy conservation standards to decrease energy 

consumption and, therefore, reduce expenditures for energy. In turn, savings in energy 

expenditures may be redirected for new investment and other items. Notwithstanding, energy 

conservation standards may potentially increase the purchase price of products, including the 

retail price plus sales tax, and may increase installation costs. 

Using an input-output model of the U.S. economy, the employment impact analysis seeks 

to estimate the year-to-year effect of these expenditure impacts on net national employment. 

DOE intends the employment impact analysis to quantify the indirect employment impacts of 

these expenditure changes.  

 

To investigate the indirect employment impacts, DOE uses the Pacific Northwest National 

Laboratory’s (PNNL’s) “Impact of Sector Energy Technologies” (ImSET 3.1.1) model.1 PNNL 

developed ImSET, a spreadsheet model of the U.S. economy that focuses on 187 sectors most 

relevant to industrial, commercial, and residential building energy use, for DOE’s Office of 

Energy Efficiency and Renewable Energy. ImSET is a special-purpose version of the U.S. 

Benchmark National Input-Output (I-O) model, which has been designed to estimate the national 

employment and income effects of energy saving technologies that are deployed by DOE’s 

Office of Energy Efficiency and Renewable Energy. In comparison with the previous versions of 

the model used in earlier rulemakings, this version allows for more complete and automated 

analysis of the essential features of energy efficiency investments in buildings, industry, 

transportation, and the electric power sectors.  

 

The ImSET software includes a computer-based I-O model with structural coefficients to 

characterize economic flows among the 187 sectors. ImSET’s national economic I-O structure is 

based on the 2002 Benchmark U.S. table, specially aggregated to 187 sectors.2 
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CHAPTER 17. REGULATORY IMPACT ANALYSIS 

17.1 INTRODUCTION 

Under appendix A to subpart C of Title 10 of the Code of Federal Regulations, Part 430, 

Procedures for Consideration of New or Revised Energy Conservation Standards for Consumer 

Products (Process Rule) the U.S. Department of Energy (DOE) is committed to explore non-

regulatory alternatives to energy conservation standards. Accordingly, DOE will prepare a draft 

regulatory impact analysis pursuant to Executive Order 12866, “Regulatory Planning and 

Review,” which will be subject to review by the Office of Management and Budget’s Office of 

Information and Regulatory Affairs for the notice of proposed rulemaking (NOPR). Pursuant to 

the Process Rule, DOE has identified five major alternatives to standards that represent feasible 

policy options to reduce the energy consumption of ceiling fans. It will evaluate each alternative 

in terms of its ability to achieve significant energy savings at a reasonable cost, and will compare 

the effectiveness of each alternative to the effectiveness of the proposed standard. 

 

Table 17.1.1 lists the non-regulatory means of achieving energy savings that DOE 

proposes to analyze. The technical support document (TSD) prepared in support of DOE’s 

NOPR will include a complete quantitative analysis of each alternative, the methodology for 

which is briefly addressed below. 

 

Table 17.1.1 Non-Regulatory Alternatives to Standards 

No New Regulatory Action 

Consumer Rebates 

Consumer Tax Credits 

Manufacturer Tax Credits 

Voluntary Energy Efficiency Targets 

Bulk Government Purchases 

17.2 METHODOLOGY 

DOE will use the national impact analysis (NIA) spreadsheet model for ceiling fans to 

calculate the national energy savings and the net present value (NPV) corresponding to each 

candidate standard. The NIA model is discussed in chapter 10 of the TSD. To compare each 

alternative quantitatively to the proposed energy conservation standards, DOE will need to 

quantify the effect of each alternative on the purchase of energy efficient ceiling fans. DOE will 

create an integrated NIA-RIA model, built upon the NIA model, where DOE will make the 

appropriate revisions to the inputs in the NIA models. Key inputs that DOE may revise in the 

NIA-RIA model are: 

• Ceiling fan market shares of products meeting target efficiency levels (identical to the 

trial standard levels for the mandatory standards)  
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• Shipments of ceiling fans, when those are affected by the proposed energy conservation 

standards. 

 

 The following are the key measures of the impact of each alternative: 

• National energy savings: Cumulative national energy use from the no-new-standards case 

projection minus the alternative-policy-case projection. 

• Net present value: The value of future operating cost savings from the equipment bought 

during the period from the required compliance date of the new standard 2027 to 2056. 

DOE will calculate the NPV as the difference between the present value of equipment 

and operating expenditures (including energy) in the no-new-standards case, and the 

present value of expenditures under each alternative-policy case. DOE will calculate 

operating expenses (including energy costs) for the life of the equipment. It will discount 

future operating and equipment expenditures to 2021 using a 7-percent and 3-percent real 

discount rate. 
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APPENDIX 6A. INCREMENTAL MARKUPS: THEORY AND EVIDENCE 

6A.1 INTRODUCTION 

Since 2004, the Department of Energy (DOE) has applied the incremental markup 

approach to estimate the increase in final product price of high-efficiency products as a function 

of the increase in manufacturing cost.1 Under this approach, DOE applies a lower markup than 

the average markup to the incremental cost of higher-efficiency products, relative to the baseline 

product. The approach is described in detail in chapter 6. 

DOE’s incremental markup approach is based on the widely accepted economic view that 

prices closely reflect marginal costs in competitive markets and in those with some degree of 

concentration. Evaluating industry data in IBISWorld suggests that most of the industries 

relevant to appliance wholesalers and appliance retailers are considered to have low to moderate 

market concentration, high and increasing market competition and medium barriers to entry (see 

Table 6A.1.1 and Table 6A.1.2).2,3 

Table 6A.1.1 Competitive Environment of Appliance Wholesalers 

Sector 
Industry 

Concentration 
Competition Barriers to Entry 

TV & appliance wholesaling Low High and steady Medium and steady 

Refrigeration equipment 

wholesaling 
Low 

Medium and 

increasing 

Medium and 

increasing 

Heating & air-conditioning 

wholesaling 
Low High and steady 

Medium and 

increasing 

Table 6A.1.2 Competitive Environment of Appliance Retailers 

Sector 
Industry 

Concentration 
Competition Barriers to Entry 

TV & appliance retailers Low High and steady Medium and steady 

Consumer electronics stores Medium 
High and 

increasing 
Medium and steady 

Department stores High 
High and 

increasing 
Medium and steady 

Home improvement stores High 
Medium and 

steady 
Medium and steady 

* Note that there is competition between the four types of appliance retailers listed in this table, as well as within

each individual retailing type.

Examining gross margin and price data in the appliance retail industry over time, DOE 

finds that both gross margins and prices did not demonstrate any persistent trend. Similarly, 

appliance wholesale gross margins and prices have both been effectively constant in past two 

decades. Thus, these sets of historical data have no bearing on firm markup behavior under 

product price increases, such as may occur as a result of standards.  
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To investigate markup behavior under product price increases, DOE evaluated time series 

gross margin data from three industries with rapidly changing input prices – the LCD television 

retail market, the U.S. oil and gasoline market, and the U.S. housing market. Additionally, LBNL 

conducted an in-depth interview with an HVAC consultant who represents many individual 

contractors in the industry.  

6A.2 MARGIN TRENDS UNDER PRICE VOLATILITY 

The market data on appliance wholesalers handling miscellaneous refrigeration products 

are not available at this point. Since the heating and air-conditioning wholesale industry has 

similar competition landscape as appliance wholesale industry (Table 6A.1.1), DOE turns to 

analyze the publicly available market data for heating and air-conditioning wholesaler and 

assumes that the results are generally applicable for appliance wholesalers as well. Heating, Air-

Conditioning and Refrigeration Distributors International (HARDI) published annual profit 

report with aggregated financial and operating data of its participating firms in HVAC wholesale 

industry. DOE evaluated the percent gross marginsa and sales revenue per shipment received (as 

a proxy for average HVAC wholesale prices) reported from 1999 to 2012 for typical HARDI 

distributors.b As shown in Figure 6A.2.1, average HVAC wholesaler prices have experienced 

some fluctuations during this period of time, but the overall wholesale price trend is relatively 

stable, with a price increase of four percent from 1999 to 2012.   

The U.S. Census Annual Retail Trade Survey (ARTS) provides gross margin data for 

electronics and appliance stores (NAICS 443) for 1993 to 2008. DOE calculated the shipments 

weighted average price of major household appliances (i.e. refrigerators, freezers, clothes 

washers, dishwashers, and room air-conditioners) for the same time period from AHAM 

shipments and value of shipments data.c As seen in HVAC wholesaling, percent gross margins 

for appliance retailers and average appliance prices have been fairly stable (Figure 6A.2.2). 

However, the existence of constant percent margin over time is not sufficient to identify 

an industry’s markup practice without considering the underlying input price changes during the 

same period. If the prices have been relatively constant, the incremental markup approach will 

arrive at the same result as applying constant margin. In fact, the average prices have been 

relatively stable over time; d hence, the historically constant percent margins do not necessarily 

imply a constant percent margin in the future, especially in the case of increased input prices due 

to standards. 

a Percent gross margin is defined as gross margin in percentage of sales revenue.  
b The typical distributors are the firms with median financial results among all participating firms.  
c AHAM Annual Trends - Industry Shipments of Major Appliances; AHAM History of Dollar Value Report. 
d In 2005 the HVAC market experienced a brief 15% price rise. The HVAC price increase may be attributed to the 

2006 Central Air-Conditioner and Heat Pump Standard. Gross margins declined slightly at this time. 
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Figure 6A.2.1  HVAC Wholesale Prices, Cost of Goods Sold and Gross Margins 

Figure 6A.2.2 Retail Appliance Prices and Gross Margins 

As historical data in HVAC wholesale and appliance retail markets cannot be used to 

address the question of margins under a standards-induced price shock, we look to other publicly 

available data for markets of products that have experienced noticeable price changes, evaluating 

the prevalence of fixed percent gross margins.  

To replicate the theorized conditions of efficiency standard implementation, DOE would 

ideally analyze a household durable that has experienced a consistent rise in price, such as may 
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occur as a result of standards. The LCD television retail market, on the other hand, is a market 

with a consistently downward price trend since 2007. The material costs and retail prices of LCD 

televisions have both dropped substantially over this period. At the same time, average retailer 

gross margins have decreased from 25 percent in 2007 to only 6 percent in late 2014. Under the 

input price change (CGS), retailers did not maintain constant percent gross margins (Figure 

6A.2.3).e 

 

 

 
Figure 6A.2.3 LCD TV Prices, Cost of Goods Sold and Gross Margins 

 

 DOE also analyzed margin behavior in markets with upward price trends in order to test 

the prevalence of fixed percent gross margins. U.S. imported crude oil prices rose by $2.50 per 

gallon from 1995 to 2008, but the percent retail gross margins have decreased during the same 

period of time (Figure 6A.2.4). 4  

 

 
e LCD television data from DisplaySearch, a market research company affiliated with NPD Group.  

LCD TV Price 

Retailer CGS 

Retailer Gross Margin (%)  
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Figure 6A.2.4 Oil and Gasoline Price, Gross Margin 

 

 The U.S. inflation-adjusted median home sales prices and the costs of selling, measured 

by home sales price minus agent’s commission fee, have increased substantially from 1991 to 

2005. The percent gross margin in the housing market (i.e., commission rate), however, has 

declined by 15 percent over this period (Figure 6A.2.5).5,6,7,8f In short, we do not observe fixed 

percent gross margins in this market with increasing costs. 

 
f Federal Trade Commission and the U.S. Department of Justice published a report, titled “Competition in the Real 

Estate Brokerage Industry”, which provides extensive literature review on the topic of housing prices and brokerage 

commission fee, and the empirical evidences are consistent with our findings. Access to the full report: 

www.ftc.gov/reports/competition-real-estate-brokerage-industry-report-federal-trade-commission-us-department  

Gasoline Retail Gross Margin (%) 

Gasoline Retail Price 

Imported Crude Oil Price 

http://www.ftc.gov/reports/competition-real-estate-brokerage-industry-report-federal-trade-commission-us-department


6A-6 

 
Figure 6A.2.5 House Sales Price, Costs of Selling Homes, and Realtor Commission (%) 

 

 After examining price and gross margin data in various markets, the results indicate that 

prices could go up or down in different of time, but in no case do we see the percent gross 

margins remain fixed over time. Hence, DOE does not expect that firms can sustain on applying 

constant markups on incremental costs of more efficient products after standards.  

  

Commission Rate (%) 

House Sale Price 

Cost of Selling Homes 
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https://eta.lbl.gov/publications/analysis-price-determination-markups
http://www.ibisworld.com/
http://www.ibisworld.com/
http://www.eia.gov/petroleum/data.cfm
http://www.bls.gov/cpi/home.htm
http://www.realtrends.com/
http://www.sciencedirect.com/science/article/pii/S0094119096910955
http://www.census.gov/construction/nrs/index.html
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APPENDIX 8A. USER INSTRUCTIONS FOR LIFE-CYCLE COST ANALYSIS 
SPREADSHEET 

8A.1 INTRODUCTION 

It is possible to examine the detailed results of the life-cycle cost (LCC) and payback 
period (PBP) analyses using a Microsoft Excel spreadsheet available on the U.S. Department of 
Energy’s rulemaking website for ceiling fans.a The spreadsheet posted on the DOE website 
represents the latest version and has been tested with Microsoft Excel 2016.  

8A.2 DESCRIPTION OF LIFE-CYCLE COST SPREADSHEET 

For all of the product classes, DOE created a single LCC workbook file containing a 
collection of worksheets. Each worksheet represents a conceptual component within the LCC 
calculation.  

 
The LCC workbook contains the following worksheets that present results and sample 

calculations: 
 

Summary This worksheet contains summary results for all product classes. 
Standard  
Hugger 
VSD 
Low-Airflow LD 
High-Airflow LD 

Each of these worksheets contains detailed results and sample 
calculations for a single product class. The left side of each sheet shows 
the results summary, as well as boxplots of LCC and LCC savings for 
each efficiency level.  
 
The right side of each sheet contains the calculations used in the LCC 
analysis. Users can choose purchaser characteristics with a series of 
drop-down menus and fillable cells. A series of cells shows the 
calculation of life-cycle cost and life-cycle cost savings resulting from 
the chosen purchaser characteristics.  

 
The LCC workbook contains the following worksheets that present purchaser samples 

used in the LCC and PBP analysis: 
 
Standard Sample 
Hugger Sample 
VSD Sample 
Low-Airflow LD Sample 
High-Airflow LD Sample 

The product class-specific sample worksheets contain the 
purchaser samples for use with the respective product class. 

                                                 
a https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=5. Accessed January 26, 
2022. This material is available in Docket # EERE-2021-BT-STD-0011 at regulations.gov. 

https://www1.eere.energy.gov/buildings/appliance_standards/standards.aspx?productid=5
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The LCC workbook contains the following worksheets that present inputs used in the 
LCC and PBP analysis: 
 
Market 
Summary 
 

The Market Summary worksheet contains the assumed blade span 
distribution, no-new-standards case efficiency distribution in 2027, and the 
sector distribution for large-diameter ceiling fans. During a simulation, DOE 
uses these purchaser characteristics to determine the analysis parameters. 

Product Price The Product Price worksheet contains inputs for purchase price and sales tax 
values.  

Energy Use The Energy Use worksheet contains the operating hours and power values 
used to calculate annual energy use.  

Electricity The Electricity worksheet shows the prices and price trends used to estimate 
the electricity price for each purchaser. 

Lifetime The Lifetime worksheet contains the distribution of lifetimes. 
Discount Rate The Discount Rate worksheet contains the distributions of discount rates. 
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APPENDIX 8B. UNCERTAINTY AND VARIABILITY IN THE LIFE-CYCLE COST 

AND PAYBACK PERIOD ANALYSES 

 INTRODUCTION 

This appendix discusses uncertainty and variability and describes how the U.S. 

Department of Energy (DOE) incorporated these into the life-cycle cost (LCC) and payback 

period (PBP) analysis in this technical support document (TSD) for the ceiling fans energy 

conservation standards (ECS) rulemaking. The two key approaches are (1) to use distributions to 

capture uncertainties and variations in input variables when such distributions are reasonably 

well defined, and (2) to use scenarios that capture the bounds of uncertainty when the bounds are 

less well defined.  

 UNCERTAINTY AND VARIABILITY 

DOE develops mathematical models to analyze the impacts of proposed energy 

conservation standards. The models generate outputs (e.g., the LCC impact of proposed 

standards) based on inputs that are often uncertain, variable, or both.  

Variability means that the quantity of interest takes on different values at different times 

or under different conditions. Variability may be caused by many factors. For example, the hours 

of use of a lamp depend on environmental factors (e.g., diurnal variations in light) and behavioral 

factors (e.g., the schedules and preferences of the inhabitants of a house). Manufacturing 

irregularities can also cause variability. For example, 10 lamps of the same model may each have 

slightly different power consumptions. DOE attempts to account for major sources of variability 

in its analyses.  

Uncertainty has many sources. Variability may lead to uncertainty in model inputs, 

because analysts frequently must estimate the values of interest based on samples of a variable 

quantity (for example, the hours of use of lighting in a home). Measurement uncertainty is 

another source of uncertainty, which may result from instrumental uncertainties (resulting, for 

example, from drift, bias, and precision of resolution) and human factors (e.g., variations in 

experimental setup, errors in instrument readings or recordings). Uncertainty can also arise when 

there is limited data available to estimate a particular parameter. DOE attempts to address the 

major sources of uncertainties in its analyses.  

 Approaches to Uncertainty and Variability 

This section describes two approaches to address uncertainty and variability in numerical 

modeling that in practice are often used in tandem, as they are in this rulemaking: (1) probability 

analysis and (2) scenario analysis. 

Probability analysis considers the probability that a variable has a given value over its 

range of possible values. For quantities with variability (e.g., electricity rates in different 
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households), data from surveys or other forms of measurement can be used to generate a 

frequency distribution of numerical values to estimate the probability that the variable takes a 

given value. By sampling values from the resulting distribution, it is possible to quantify the 

impact of known variability in a particular variable on the outcome of the analysis. In this 

analysis, DOE used probability distributions to estimate ceiling fan lifetime, ceiling fan blade 

span, discount rates, and other variables.  

Unlike probability analysis, which considers the impact of known variability, scenario 

analysis estimates the sensitivity of an analysis to sources of uncertainty and variability whose 

probability distribution is not well known. Certain model inputs are modified to take a number of 

different values, and models are re-analyzed, in a set of different model scenarios. Because only 

selected inputs are changed in each scenario, the variability in the results for each scenario helps 

to quantify the impact of uncertainty in the input parameters. Whereas it is relatively simple to 

perform scenario analyses for a range of scenarios, scenario analyses provide no information 

regarding the likelihood of any given scenario’s actually occurring.  

Scenario and probability analysis provide some indication of the robustness of the policy 

given the uncertainties and variability. A policy is robust when the impacts are acceptable over a 

wide range of possible conditions. 

 PROBABILITY ANALYSIS AND THE USE OF MONTE CARLO 

SIMULATION IN THE LCC AND PBP ANALYSES 

To quantify the uncertainty and variability that exist in inputs to the LCC and PBP 

analyses, DOE used Monte Carlo simulation and probability distributions to conduct probability 

analyses. 

Simulation refers to any analytical method meant to imitate a real-life system, especially 

when other analyses are too mathematically complex or too difficult to reproduce. Without the 

aid of simulation, a model will only reveal a single outcome, generally the most likely or average 

scenario. Probabilistic risk analysis uses both a spreadsheet model and simulation to 

automatically analyze the effect of varying inputs on the outputs of a modeled system. One type 

of simulation is Monte Carlo simulation, which repeatedly generates random values for uncertain 

variables, drawn from a probability distribution, to simulate a model. 

For each uncertain variable, the range of possible values is controlled by a probability 

distribution. The type of distribution selected is based on the conditions surrounding that 

variable. Probability distribution types include normal, triangular, uniform, and Weibull 

distributions, as well as custom distributions where needed. Example plots of these distributions 

are shown in  

Figure 8B.3.1. 
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Figure 8B.3.1 Normal, Triangular, Uniform, Weibull, and Custom Probability 

Distributions 

 

During a simulation, multiple scenarios of a model are calculated by repeatedly sampling 

values from the probability distributions for the uncertain variables and using those values for 

that input. Monte Carlo simulations can consist of as many trials as desired, with larger numbers 

of trials yielding more accurate average results. During a single trial, the simulation randomly 

selects a value from the defined possibilities (the range and shape of the probability distribution) 

for each uncertain variable and then recalculates the result for that trial. 

DOE conducted probability analyses by randomly sampling from probability 

distributions using Python. To calculate the LCC and PBP for ceiling fans, DOE performed 

10,000 Monte Carlo simulations for each variable. During a single trial, random values are 

selected from the defined probability distributions for each variables which enables the 

estimation of LCC and PBP with uncertainty evaluation. 

 

NORMAL UNIFORMTRIANGULAR

WEIBULL CUSTOM
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APPENDIX 8C. DISTRIBUTIONS USED FOR DISCOUNT RATES 

8C.1 INTRODUCTION: DISTRIBUTIONS USED FOR RESIDENTIAL 
CONSUMER DISCOUNT RATES 

 The Department of Energy (DOE) derived consumer discount rates for the life-cycle cost 
(LCC) analysis using data on interest or return rates for various types of debt and equity to 
calculate a real effective discount rate for each household in the Federal Reserve Board’s Survey 
of Consumer Finances (SCF) in 1995, 1998, 2001, 2004, 2007, 2010, 2013, 2016, and 2019.1 To 
account for variation among households in rates for each of the types, DOE sampled a rate for 
each household in its building sample from a distribution of discount rates for each of six income 
groups. This appendix describes the distributions used. 

8C.1.1 Distribution of Rates for Equity Classes 

 Figure 8C.1.1 through Figure 8C.1.6 show the distribution of real interest rates for 
different types of equity. Data for equity classes are not available from the Federal Reserve 
Board’s SCF, so DOE derived data for these classes from national-level historical data (1990-
2019). The rates for stocks are the annual returns on the Standard and Poor’s 500 for 1990-2019.2 
The interest rates associated with AAA corporate bonds were collected from Moody’s time-
series data for 1990-2019.3 Rates on Certificates of Deposit (CDs) accounts came from Cost of 
Savings Index (COSI) data covering 1990-2019.4,a The interest rates associated with state and 
local bonds (20-bond municipal bonds) were collected from Federal Reserve Board economic 
data time-series for 1990-2019.9,b The interest rates associated with treasury bills (30-Year 
treasury constant maturity rate) were collected from Federal Reserve Board economic data time-
series for 1990-2019.10,c Rates for money market accounts are based on three-month money 
market account rates reported by Organization for Economic Cooperation and Development 
(OECD) from 1990-2019.12 Rates for savings accounts are assumed to be half the average real 
money market rate. Rates for mutual funds are a weighted average of the stock rates and the 
bond rates.d The 30-year average nominal interest rates are shown in Table 8C.1.1. DOE 
adjusted the nominal rates to real rates using the annual inflation rate in each year (see Figure 
8C.1.7). In addition, DOE adjusted the nominal rates to real effective rates by accounting for the 
fact that interest on such equity types is taxable. The capital gains marginal tax rate varies for 
each household based on income as shown in chapter 8 (the impact of this is not shown in Figure 
8C.1.1 through Figure 8C.1.6, which are only adjusted for inflation).  
                                                 
a The Wells COSI is based on the interest rates that the depository subsidiaries of Wells Fargo & Company pay to 
individuals on certificates of deposit (CDs), also known as personal time deposits. Wells Fargo COSI started in 
November 2009.5  From July 2007 to October 2009 the index was known as Wachovia COSI6 and from January 
1984 to July 2007 the index was known as GDW (or World Savings) COSI.7,8  
b This index was discontinued in 2016.  To calculate the 2017 and 2018 values, DOE compared 1977-2018 data for 
30-Year Treasury Constant Maturity Rate10 and Moody’s AAA Corporate Bond Yield3 to the 20-Bond Municipal 
Bond Index data.9 
c From 2003-2005 there are no data. For 2003-2005, DOE used 20-Year Treasury Constant Maturity Rate.11  
d SCF reports what type of mutual funds the household has (e.g. stock mutual fund, savings bond mutual fund, etc.).  
For mutual funds with a mixture of stocks and bonds, the mutual fund interest rate is a weighted average of the stock 
rates (two-thirds weight) and the savings bond rates (one-third weight). 
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Table 8C.1.1 30-Year Average Nominal Interest Rates for Household Equity Type 

Type of Equity 30 Year Average 
Nominal Rate (%) 

Savings accounts 2.95 

Money market accounts 3.32 

Certificate of deposit 3.59 

Treasury Bills (T-bills) 5.25 

State/Local bonds 4.96 

AAA Corporate Bonds 6.11 

Stocks (S&P 500) 11.34 

Mutual funds 10.07 
 
 

 
Figure 8C.1.1 Distribution of Annual Rate of Return on S&P 500 

-40%

-30%

-20%

-10%

0%

10%

20%

30%

40%

Re
al

 A
nn

ua
l R

at
e 

of
 R

et
ur

n



8C-3 

 
Figure 8C.1.2 Distribution of Annual Rate of Return on Corporate AAA Bonds 
 

 
Figure 8C.1.3 Distribution of Annual Rate of Return on CDs 
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Figure 8C.1.4 Distribution of Annual Rate of State and Local Bonds 
 

 
Figure 8C.1.5 Distribution of Annual Rate of Return on Savings Bonds (30 Year 

Treasury Bills) 
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Figure 8C.1.6 Distribution of Annual Rate of Money Market Accounts 
 

 
Figure 8C.1.7 Annual Consumer Price Index (CPI) Rate 
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8C.1.2 Distribution of Real Effective Discount Rates by Income Group 

 Real effective discount rates were calculated for each household of the SCF using the 
method described in Chapter 8.  Interest rates for asset types were as described in 8C.1.1. The 
data source for the interest rates for mortgages, home equity loans, credit cards, installment 
loans, other residence loans, and other lines of credit is the Federal Reserve Board’s SCF in 
1995, 1998, 2001, 2004, 2007, 2010, 2013, and 2016. DOE adjusted the nominal rates to real 
rates using the annual inflation rate in each year.  
 
 Using the appropriate SCF data for each year, DOE adjusted the nominal mortgage 
interest rate and the nominal home equity loan interest rate for each relevant household in the 
SCF for mortgage tax deduction and inflation. In cases where the effective interest rate is equal 
to or below the inflation rate (resulting in a negative real interest rate), DOE set the real effective 
interest rate to zero. Figure 8C.1.8 provides a graphical representation of the real effective 
discount rate distributions by income group, while Table 8C.1.2 provides the full distributions as 
used in the LCC analysis. 
 

 
Figure 8C.1.8 Distribution of Real Discount Rates by Income Group 
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Table 8C.1.2 Distribution of Real Discount Rates by Income Group 
DR 
Bin 
(%) 

Income Group 1 Income Group 2 Income Group 3 Income Group 4 Income Group 5 Income Group 6 
(1-20 percentile) (21-40 percentile) (41-60 percentile) (61-80 percentile) (81-90 percentile) (90-99 percentile) 
Rate 
% 

Weight 
% 

Rate 
% 

Weight 
% 

Rate 
% 

Weight 
% 

Rate 
% 

Weight 
% 

Rate 
% 

Weight 
% 

Rate 
% 

Weight 
% 

0-1 0.39 33.68 0.46 23.46 0.48 14.24 0.53 9.09 0.60 6.47 0.63 7.38 
1-2 1.49 6.63 1.51 7.96 1.55 8.89 1.58 13.47 1.58 15.27 1.59 19.02 
2-3 2.46 7.96 2.50 10.16 2.50 14.17 2.53 20.95 2.52 24.19 2.51 24.57 
3-4 3.53 7.59 3.50 11.13 3.49 15.25 3.49 19.08 3.47 21.26 3.47 20.93 
4-5 4.49 9.16 4.48 10.55 4.47 13.79 4.46 13.99 4.46 16.10 4.47 15.02 
5-6 5.48 6.95 5.47 8.89 5.45 10.26 5.46 9.21 5.44 8.14 5.45 8.71 
6-7 6.49 6.01 6.47 6.33 6.46 7.09 6.47 6.02 6.50 4.57 6.32 2.64 
7-8 7.49 4.07 7.50 5.57 7.42 5.09 7.48 2.22 7.39 1.22 7.46 0.54 
8-9 8.46 2.86 8.47 2.56 8.50 2.65 8.51 1.37 8.51 0.65 8.44 0.29 
9-10 9.55 2.05 9.48 2.14 9.49 1.46 9.50 0.96 9.58 0.65 9.66 0.23 

10-11 10.52 1.61 10.47 1.67 10.43 1.31 10.45 0.66 10.50 0.25 10.45 0.26 
11-12 11.47 1.11 11.51 1.36 11.51 0.99 11.52 0.53 11.37 0.26 11.45 0.14 
12-13 12.52 1.05 12.47 1.17 12.51 0.75 12.43 0.34 12.41 0.18 12.35 0.07 
13-14 13.52 1.23 13.49 0.92 13.48 0.65 13.54 0.49 13.44 0.12 13.28 0.01 
14-15 14.53 1.28 14.58 1.17 14.59 0.74 14.49 0.32 14.49 0.20 14.45 0.07 
15-16 15.55 1.29 15.52 0.94 15.49 0.53 15.45 0.30 15.45 0.15 15.19 0.01 
16-17 16.47 1.31 16.41 0.97 16.43 0.50 16.44 0.33 16.17 0.07 16.33 0.01 
17-18 17.58 0.89 17.51 0.66 17.50 0.46 17.45 0.22 17.54 0.07 17.93 0.04 
18-19 18.37 0.70 18.47 0.59 18.40 0.30 18.32 0.08 18.34 0.05 18.50 0.01 
19-20 19.45 0.48 19.39 0.50 19.43 0.23 19.60 0.07 19.42 0.06 19.18 0.01 
20-21 20.57 0.44 20.42 0.27 20.36 0.18 20.36 0.08 20.13 0.01 20.13 0.02 
21-22 21.44 0.53 21.40 0.26 21.26 0.13 21.37 0.08 21.38 0.07 0.00 0.00 
22-23 22.47 0.22 22.45 0.19 22.58 0.09 22.72 0.03 0.00 0.00 0.00 0.00 
23-24 23.34 0.14 23.48 0.11 23.41 0.10 23.44 0.02 0.00 0.00 23.89 0.03 
24-25 24.58 0.20 24.41 0.09 24.71 0.02 24.09 0.01 0.00 0.00 0.00 0.00 
25-26 25.32 0.15 25.36 0.07 25.32 0.03 25.33 0.03 25.80 0.00 0.00 0.00 
26-27 26.48 0.11 26.38 0.02 26.45 0.03 0.00 0.00 0.00 0.00 0.00 0.00 
27-28 27.49 0.08 27.37 0.01 27.41 0.03 27.27 0.04 27.14 0.01 0.00 0.00 
28-29 28.14 0.10 28.29 0.05 28.38 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
29-30 29.87 0.01 29.37 0.02 29.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
>30 76.74 0.12 143.68 0.20 105.26 0.02 53.87 0.00 0.00 0.00 0.00 0.00 

Total 4.74 100.00 5.01 100.00 4.51 100.00 3.87 100.00 3.50 100.00 3.18 100.00 

 

8C.2 DISTRIBUTIONS USED FOR COMMERCIAL AND INDUSTRIAL 
DISCOUNT RATES 

Table 8C.2.1 and Table 8C.2.2 provide the discount rate distributions used for the commercial 
and industrial sectors, respectively. 
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Table 8C.2.1 All Commercial Sectors Discount Rate Distribution 

Bin Bin Range Bin Average 
Discount Rate 

Weight 
(% of companies) # of Companies 

1 <0%    
2 0-1%    
3 1-2%    
4 2-3%    
5 3-4% 3.79% 4.7% 3745 
6 4-5% 4.57% 13.8% 11084 
7 5-6% 5.52% 23.0% 18497 
8 6-7% 6.45% 21.1% 16953 
9 7-8% 7.46% 13.8% 11125 

10 8-9% 8.53% 13.4% 10810 
11 9-10% 9.32% 6.3% 5038 
12 10-11% 10.44% 1.6% 1312 
13 11-12% 11.36% 1.0% 776 
14 12-13% 12.82% 1.0% 838 
15 ≥13% 14.36% 0.4% 342 

Weighted Average 6.67%   
 
 
Table 8C.2.2 Industrial Sectors Discount Rate Distribution 

Bin Bin Range Bin Average 
Discount Rate 

Weight 
(% of companies) # of Companies 

1 <0%    
2 0-1%    
3 1-2% 1.61% 0.0% 13 
4 2-3% 2.63% 0.1% 59 
5 3-4% 3.67% 1.6% 1257 
6 4-5% 4.62% 6.8% 5350 
7 5-6% 5.55% 19.4% 15185 
8 6-7% 6.47% 21.0% 16461 
9 7-8% 7.51% 16.1% 12632 

10 8-9% 8.49% 23.1% 18090 
11 9-10% 9.47% 8.1% 6301 
12 10-11% 10.54% 2.8% 2213 
13 11-12% 11.59% 0.4% 282 
14 12-13% 12.52% 0.4% 285 
15 ≥13% 13.06% 0.2% 121 

Weighted Average 7.16%   
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APPENDIX 10A. USER INSTRUCTIONS FOR NATIONAL IMPACT ANALYSIS 

SPREADSHEET MODEL 

10A.1 STARTUP 

 The NIA spreadsheet enables the user to perform a national impact analysis (NIA) for the 

trail standard levels (TSLs) for ceiling fans. To execute the spreadsheet, DOE assumes that the 

user has access to a computer with Microsoft Excel® 2007 or later installed under the Windows 

operating system.  

10A.2 DESCRIPTION OF NATIONAL IMPACT ANALYSIS WORKSHEETS 

The NIA spreadsheets perform calculations to forecast the change in national energy use 

and net present value of financial impacts due to an amended energy efficiency standard for Ceiling 

Fans. The energy use and associated costs for a given standard are determined by first calculating 

the shipments and then calculating the energy use and costs for all lamps shipped under that 

standard. The differences between the standards and base case can then be compared and the 

overall energy savings and net present values determined. The NIA spreadsheets consist of the 

following worksheets listed in Table 10A.2.1 below. 

 

Table 10A.2.1 Brief description of the contents of all worksheets in the NIA workbook 

Introduction 
Includes an introduction to the spreadsheet calculations, and information on the 

Summary worksheet. 

Summary 

Includes user-selected Candidate Standard Level, together with a summary table of 

the cumulative shipments, NES, and NPV in each sector. This sheet also includes a 

table showing the correspondence between each CSL and the minimum qualifying 

EL for each covered product class. 

Standard, Hugger, VSD, 

Large-Diameter (High 

Airflow), Large-

Diameter (Low Airflow) 

Includes standards and no-new-standards case shipments, affected stock, and energy 

consumption and cost savings for each individual product class. 

Parameters Includes the parameters and assumption inputs for the shipments analysis and NIA 

Fan Prices Holds a timeline of prices for different fan types over the analysis period. 

External Trends & 

Factors 

Includes projected electricity prices and site to power plant conversion factors for 

different sectors, as well as full fuel cycle multipliers for each year in the analysis 

Historical Shipments Includes estimated historical shipments of fans up to the start of the projection period. 

Lifetime Includes the lifetime of fans modeled during analysis, as a function of age. 

10A.3 BASIC INSTRUCTIONS FOR OPERATING THE NATIONAL IMPACT 

ANALYSIS SPREADSHEETS 

Basic instructions for operating the NIA spreadsheets are as follows: Once the NIA 

spreadsheet file has been downloaded from the Internet, open the file using Excel®. Use Excel's® 

View/Zoom commands at the top menu bar to change the size of the display to make it fit your 

monitor. 
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 Calculations can be performed individually for each candidate standard level (CSL), 

which can be selected on the “Summary” sheet. When selecting a CSL, summary values will 

update to reflect energy consumption & cost savings at the selected CSL. Standards-case values 

in individual product sheets will also be updated to reflect shipments & energy consumption in 

the selected standards case. Static values like product lifetimes, as well as external data like 

electricity prices, will not change at different standard levels. 
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APPENDIX 10B. FULL-FUEL-CYCLE ANALYSIS 

10B.1 INTRODUCTION 

This appendix summarizes the methods the U.S. Department of Energy (“DOE”) used to 

calculate the estimated full-fuel-cycle (“FFC”) energy savings from potential energy 

conservation standards. The FFC measure includes point-of-use (site) energy; the energy losses 

associated with generation, transmission, and distribution of electricity; and the energy 

consumed in extracting, processing, and transporting or distributing primary fuels. DOE’s 

method of analysis previously encompassed only site energy and the energy lost through 

generation, transmission, and distribution of electricity. In 2011 DOE announced its intention, 

based on recommendations from the National Academy of Sciences, to use FFC measures of 

energy use and emissions when analyzing proposed energy conservation standards.1 This 

appendix summarizes the methods DOE used to incorporate impacts of the full fuel cycle into 

the analysis. 

In the national energy savings calculation, DOE estimates the site, primary and FFC 

energy consumption for each standard level, for each year in the analysis period. DOE defines 

these quantities as follows: 

• Site energy consumption is the physical quantity of fossil fuels or electricity consumed at 

the site where the end-use service is provided.a The site energy consumption is used to 

calculate the energy cost input to the NPV calculation. 

• Primary energy consumption is defined by converting the site fuel use from physical 

units, for example cubic feet for natural gas, or kWh for electricity, to common energy 

units (million Btu or MMBtu). For electricity the conversion factor is a marginal heat rate 

that incorporates losses in generation, transmission and distribution, and depends on the 

sector, end use and year. 

• The FFC energy use is equal to the primary energy use plus the energy consumed 

"upstream" of the site in the extraction, processing and distribution of fuels. The FFC 

energy use was calculated by applying a fuel-specific FFC energy multiplier to the 

primary energy use.  

 

The primary energy of a unit of grid electricity is equal to the heat content of the fuels 

used to generate that electricity, including transmission and distribution losses.b DOE typically 

measures the primary energy associated with the power sector in quads (quadrillion Btu). Both 

primary fuels and electricity are used in upstream activities. The treatment of electricity in full-

fuel-cycle analysis must distinguish between electricity generated by fossil fuels and electricity 

generated from renewable sources (wind, solar, and hydro). For the former, the upstream fuel 

 
a For fossil fuels, this is the site of combustion of the fuel. 
b For electricity sources like nuclear energy and renewable energy, the primary energy is calculated using the 

convention described below. 
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cycle relates to the fuel consumed at the power plant. There is no upstream component for the 

latter, because no fuel per se is used. 

10B.2 SITE-TO-PRIMARY ENERGY FACTORS 

DOE uses heat rates to convert site electricity savings to primary energy savings. The 

heat rates are developed as a function of the sector, end-use and year of the analysis period. For 

this analysis DOE uses output of the DOE/Energy Information Administration (EIA)’s National 

Energy Modeling System (NEMS).2 EIA uses the NEMS model to produce the Annual Energy 

Outlook (AEO). DOE’s approach uses the most recently available edition, in this case AEO 

2021.3 The AEO publication includes a reference case and a series of side cases incorporating 

different economic and policy scenarios. DOE calculates marginal heat rates as the ratio of the 

change in fuel consumption to the change in generation for each fossil fuel type, where the 

change is defined as the difference between the reference case and the side case. DOE calculates 

a marginal heat rate for each of the principal fuel types: coal, natural gas and oil. DOE uses the 

EIA convention of assigning a heat rate of 10.5 Btu/Wh to nuclear power and 9.5 Btu/Wh to 

electricity from renewable sources.  

DOE multiplied the fuel share weights for sector and end-use, described in appendix 15A 

of this TSD, by the fuel specific marginal heat rates, and summed over all fuel types, to define a 

heat rate for each sector/end-use. This step incorporates the transmission and distribution losses. 

In equation form: 

 

h(u,y) = (1 + TDLoss)*∑r,f g(r,f,y) H(f,y) 

 

 Where: 

 

TDLoss = the fraction of total generation that is lost in transmission and distribution, 

equal to 0.07037 

u = an index representing the sector/end-use (e.g. commercial cooling) 

y = the analysis year 

f = the fuel type 

H(f,y) = the fuel-specific heat rate 

g(r,f,y) = the fraction of generation provided by fuel type f for end-use u in year y 

h(u,y) = the end-use specific marginal heat rate 

 

 The sector/end-use specific heat rates are shown in Table 10B.2.1. 

 

Table 10B.2.1 Electric Power Heat Rates (MMBtu/MWh) by Sector and End-Use 

 2025 2030 2035 2040 2045 2050+ 

Residential       
Clothes Dryers 9.484 9.258 9.257 9.205 9.153 9.133 

Cooking 9.473 9.246 9.245 9.193 9.142 9.122 

Freezers 9.496 9.267 9.264 9.211 9.159 9.138 

Lighting 9.511 9.289 9.290 9.238 9.186 9.167 

Refrigeration 9.496 9.267 9.264 9.212 9.159 9.138 
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 2025 2030 2035 2040 2045 2050+ 

Space Cooling 9.397 9.146 9.133 9.080 9.026 9.001 

Space Heating 9.526 9.306 9.308 9.256 9.204 9.185 

Water Heating 9.493 9.270 9.271 9.219 9.168 9.149 

Other Uses 9.484 9.259 9.258 9.206 9.154 9.134 

Commercial       
Cooking 9.409 9.184 9.185 9.135 9.085 9.065 

Lighting 9.426 9.200 9.200 9.150 9.100 9.079 

Office Equipment (Non-Pc) 9.374 9.145 9.145 9.095 9.046 9.026 

Office Equipment (Pc) 9.374 9.145 9.145 9.095 9.046 9.026 

Refrigeration 9.476 9.250 9.249 9.197 9.146 9.126 

Space Cooling 9.378 9.125 9.111 9.058 9.005 8.979 

Space Heating 9.532 9.313 9.314 9.262 9.210 9.191 

Ventilation 9.478 9.253 9.252 9.200 9.149 9.129 

Water Heating 9.409 9.184 9.186 9.136 9.087 9.067 

Other Uses 9.389 9.161 9.162 9.111 9.062 9.042 

Industrial       
All Uses 9.389 9.161 9.162 9.111 9.062 9.042 

 

10B.3 FFC METHODOLOGY 

The methods used to calculate FFC energy use are summarized here. The mathematical 

approach to determining FCC is discussed in Coughlin (2012).4 Details related to the modeling 

of the fuel production chain are presented in Coughlin (2013).5  

When all energy quantities are normalized to the same units, FFC energy use can be 

represented as the product of the primary energy use and an FFC multiplier. Mathematically the 

FFC multiplier is a function of a set of parameters that represent the energy intensity and 

material losses at each stage of energy production. Those parameters depend only on physical 

data, so the calculations require no assumptions about prices or other economic factors. Although 

the parameter values may differ by geographic region, this analysis utilizes national averages.  

The fuel cycle parameters are defined as follows. 

• ax is the quantity of fuel x burned per unit of electricity produced for grid electricity. The 

calculation of ax includes a factor to account for losses incurred through the transmission 

and distribution systems.  

• by is the amount of grid electricity used in producing fuel y, in MWh per physical unit of 

fuel y. 

• cxy is the amount of fuel x consumed in producing one unit of fuel y. 

• qx is the heat content of fuel x (MBtu/physical unit).  
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All the parameters are calculated as functions of an annual time step; hence, when 

evaluating the effects of potential new standards, a time series of annual values is used to 

estimate the FFC energy and emissions savings in each year of the analysis period and 

cumulatively. 

The FFC multiplier is denoted µ (mu). A separate multiplier is calculated for each fuel 

used on site. Also calculated is a multiplier for electricity that reflects the fuel mix used in its 

generation. The multipliers are dimensionless numbers applied to primary energy savings to 

obtain the FFC energy savings. The upstream component of the energy savings is proportional to 

(µ-1). The fuel type is denoted by a subscript on the multiplier µ. 

The method for performing the full-fuel-cycle analysis utilizes data and projections 

published in the AEO 2021. Table 10B.3.1 summarizes the data used as inputs to the calculation 

of various parameters. The column titled "AEO Table" gives the name of the table that provided 

the reference data. 

Table 10B.3.1 Dependence of FFC Parameters on AEO Inputs 

Parameter(s) Fuel(s) AEO Table Variables 

qx All Conversion factors MMBtu per physical unit 

ax All 

Electricity supply, disposition, 

prices, and emissions 
Generation by fuel type 

Energy consumption by sector 

and source 

Electric energy consumption 

by the power sector 

bc, cnc, cpc Coal 
Coal production by region and 

type 

Coal production by type and 

sulfur content 

bp, cnp, cpp Petroleum 

Refining industry energy 

consumption 
Refining-only energy use 

Liquid fuels supply and 

disposition 
Crude supply by source 

International liquids supply 

and disposition 
Crude oil imports 

Oil and gas supply 
Domestic crude oil 

production 

cnn Natural gas 

Oil and gas supply U.S. dry gas production 

Natural gas supply, disposition, 

and prices 
Pipeline, lease, and plant fuel 

zx All 
Electricity supply, disposition, 

prices, and emissions 
Power sector emissions 

 

The AEO 2021 does not provide all the information needed to estimate total energy use in 

the fuel production chain. Coughlin (2013) describes the additional data sources needed to 

complete the analysis. The time dependence in the FFC multipliers, however, arises exclusively 

from variables taken from the AEO. 



10B-5 

10B.4 ENERGY MULTIPLIERS FOR THE FULL FUEL CYCLE  

FFC energy multipliers for selected years are presented in Table 10B.4.1. The 2050 value 

was held constant for the analysis period beyond 2050, which is the last year in the AEO 2021 

projection. The multiplier for electricity reflects the shares of various primary fuels in total 

electricity generation throughout the forecast period.  

 

Table 10B.4.1 Energy Multipliers for the Full Fuel Cycle (Based on AEO 2021) 

 2025 2030 2035 2040 2045 2050+ 

Electricity 1.042 1.039 1.038 1.037 1.038 1.037 
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